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ABSTRACT OF PUBLISHERS NOTE 


AS PRINTED IN PART I 


The very favorable reception accorded the previous editions of this work in 
America suggested the desirability of making the present (fourth) edition interna- 
tional in its character, by placing it largely in the hands of an American editor and 
by securing the services of American Anatomists in the revision or rewriting of 
certain of the sections. 

The’ entire work has undergone a complete revision, and some sections have 
been entirely rewritten and, in several instances, considerably enlarged; the text 
has been brought thoroughly up to date by the inclusion of the results of recent 
investigations, and represents, accurately, the present state of Anatomy. Many 
illustrations which appeared in previous editions have been omitted, a large number 
of new figures have been made from specially prepared drawings, and pictures from 
other books have been included where they served the desired purpose. 

Special attention should be directed to the use throughout the volume of the 
nomenclature adopted by the German Anatomical Society and generally known 
as the Basle nomenclature, or BNA. In employing this nomenclature the editors 
have been guided by a desire to assist in the unifieation of anat ioa 
seeing in such unification an earnest of the thorough internat Au ution of the 
science of anatomy and more rapid progress in its developm The modifica- 
tions of the accepted English nomenclature necessitated je adoption of the 
BNA are comparatively few, and where they are radic: : more familiar terms 
have been added in parentheses. Whilst this is the “xt-book of Anatomy in 
English to adopt the BNA in its entirety, there ; mber of books and papers 
on Embryology, Histology, and Biology in whic is used; its general adoption 
in the future, it may be confidently expectedMyill be assured. In this connection, 
reference should be made to a new book Prof. Llewellys F. Barker, of Johns 
Hopkins University, in which a AN of the terms used in the BNA is given 
and in which the object, system, and RON ability of the nomenclature are explained. 

Each author is alone eN ae subject-matter of the article following 
his name. Care has been exerç n the part of the editors, however, to make the 


whole uniform, complete, oer RUE 
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SECTION VI 


THE NERVOUS SYSTEM 


ORIGINALLY WRITTEN BY H. St. Joun Brooks, M.D. REVISED FOR SECOND AND THIRD 
EDITIONS BY ARTHUR ROBINSON 


REVISED AND LARGELY REWRITTEN FOR THE FOURTH ÉDITION 


By IRVING HARDESTY, A.B., Px.D. 


ASSISTANT PROFESSOR OF ANATOMY, UNIVERSITY OF CALIFORNIA 


HE nervous system of man, both anatomically and functionally, is the most 
highly developed and definitely distributed of all the systems of the body. It 
consists of an aggregation of peculiarly differentiated tissue-elements, so arranged 
that through them stimuli may be transmitted from and to all the other tissue systems. 
It is a mechanism with parts so adjusted that stimuli affecting one tissue may be 
conveyed, modified, and distributed to other tissues so that the appropriate reac- 
tions result. While protoplasm will react without nerves, while muscle will con- 
tract without the mediation of nerves, yet the nervous system is of the most vital 
importance to the higher organisms in that the stimuli required for the functioning 
of the organs are so distributed throughout their component elggMnts that the 
necessary harmonious and coordinate activities are PO a ed his purpose 
the nervous system permeates every organ of the body, the Qi s dividing into 
smaller and smaller branches till the division attains the ing eial nerve-fibres of 
which the nerves are composed, and even the fibres bifures(eNepeatedly before their 
final termination upon their allotted elements. So intim nd extensive is the dis- 
tribution throughout that could all the other tissues “body be dissolved away, 
still there would be left in gossamer its form a j)ortions—a phantom of the 
body composed entirely of nerves. 
The parent portion or axis of the systemngexterfds along the dorsal mid-line of 
the body, surrounded by bone and, in additi Ned and supported by a series 
of especially constructed membranes or icons: the outermost of which is the 
strongest. The cephalic end of the axigZhe encephalon, is remarkably enlarged in 
man, and is enclosed within the lar: ortion of the bony cavity, the cranium, 
while the remainder of the central v he spinal cord, continues through the for- 
amen magnum and lies in the s anal. : 
The intimate connection « "axis with all the parts of the body is attained 
by means of forty-three p; erves, which are attached to the axis at somewhat 
regular intervals along itsWxgént. They course from their segments of attachment 
through the meninges nd through their respective foramina in the bony cavity to 
the periphery. Of t} ROS corshte spinal nerves twelve pairs are attached to the 
encephalon, and th(rty-one pairs to the spinal cord. Most of them contain both 
afferent ES uNiübres which convey impulses from the peripheral tissues to the 


axis, and fibres, or fibres which convey impulses from the axis to the 
peripher alt All the thirty-one pairs of spinal nerves possess fibres of both 


CS deu ol Ny varying proportions. 
oroaching the spinal cord, each spinal nerve is separated into two roots— 


its XO hot and its ventral root. The afferent fibres enter the axis by way of 
th rsal roots, which are, therefore, the sensory roots, and the efferent fibres leave 


Xis by way of the ventral or motor roots. 
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Fig. 554.—SHOWING THE VENTRAL ASPECT OF THE CENTRAL NERVOUS SYSTEM, WITH THE PROXI- 
MAL PORTIONS OF THE CEREBRO-SPINAL NERVES ATTACHED AND THE RELATION OF THE PROX- 
IMAL Portion (GANGLIATED CORD) or THE SympaTHETIC NERVOUS SYSTEM. THE En- 
CEPHALON OR BRAIN IS STRAIGHTENED DORSALWARDS FROM ITS MORE HORIZONTAL POSITION 
WITH REFERENCE TO THE SPINAL CORD. 

(Composite drawing in part after Allen Thompson from Rauber—modified.) 
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DIVISIONS OF NERVOUS SYSTEM 749 


As usually studied, the nervous system is referred to in two main divisions :— 

(1) The central nervous system, composed of—(a) The spinal cord, or medulla 
spinalis, and (b) the brain or encephalon. 

(2) The peripheral nervous system, composed of—(a) The cerebro-spinal nerves, 
and (b) the sympathetic nervous system. 

All these parts are so intimately connected with each other that the division is 
purely arbitrary. The cerebro-spinal nerves are anatomically continuous with the 
central system; their component fibres either arise within or terminate within the 
confines of the central system, and thus actually contribute to its bulk. The sym- 
pathetie system, however, may be more nearly considered as having a domain of its 
own. It is intimately associated with the cerebro-spinal nerves and thus with the 
central system, both receiving impulses from the central system and transmitting 


Fig. 555.—SHOWING SOME OF THE VARIETIES OF THE CELL-BODIES OF THE NEURONES OF THE 
Human Nervous SYSTEM. 


A. From spinal ganglion. B. From ventral horn of spinal cord. C. Pyramidal cell from cere- 
bral cortex. D. Purkinje cell from cerebellar cortex. E. Golgi cell of type II from spinal 
cord. E. Fusiform cell from cerebral cortex. G. Sympathetic. a, axone; d, dendrites; c, 
collateral branches; ad, apical dendrites; bd, basal dendrites; cc, central process; p, 
peripheral process. 
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impulses which enter it, b Q its activities are largely under the control of the 
central system, it is odis at impulses may arise in the domain of the sym- 
pathetic system and, medi&éd by its nerves, produce reactions in the tissues it sup- 
plies without involve central system at all. For this reason, as well as because 


of the structural larities of the sympathetie system, the nervous system is 


sometimes dividgm 0—(1) the cerebro-spinal system, consisting of (a) the central 
' system and NS cerebro-spinal nerves; (2) the sympathetic nervous system, 
consisting RNS rarious ganglia and plexuses. 


The nervus system consists of its peculiarly differentiated cell-elements, held 
in phage tvo forms of supporting tissue and accompanied by an abundant supply 
of b vaksels. 

hé*nervous cell-element or the functional and structural unit of the system is 
the neurone. The neurone is distinguished from all other units of structure 
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750 THE NERVOUS SYSTEM 


in the body in that it gives off outgrowths or processes of relatively great length 
and characteristic structure. The neurone may be defined as a nerve-cell with 
all its processes, however numerous and far-reaching. As a class of tissue-elements, 
all neurones possess characteristics which distinguish them from other tissue-elements, 
but within this class they vary greatly. They vary both according to function and 
according to their locality in the nervous system. Fig. 555 gives illustrations of 
the external form of a few of the types found in the human nervous system in 
the localities stated- 

The cell-body of the neurone gives off two types of processes:—(1) The den- 
dritie processes or dendrites. ‘These serve to increase the absorbent surface of 
the cell-body for purposes of nutrition and also act as recipient surfaces for impulses 
transmitted to the neurone. "They are, therefore, cellipetal processes. "They branch 
at frequent intervals and always dichotomously and with rapid decrease in 
diameter. (2) The axone or neuraxis. Each neurone properly possesses but one 
of these. In most cases it is very much longer than any of the dendrites, and along 
its course it maintains a practically uniform diameter. Axones comprise the so- 
called axis-cylinders of all nerve-fibres, and thus they are the essential components 


Fig. 556.—SnHowiNa PIECES OF AXONES. 


A. From a cerebrospinal nerve. B. From the spinal cord. C. From the sympathetic. a, axones; 
m, medullary sheath; n, node of Ranvier; s, sheath of Schwann with occasional nuclei. 


of all nerves and nerve fasciculi. They usual nervous function is to convey impulses 
away from the cell-body of the vaN either to other neurones in a chain or to 
appropriate elements of other tj systems. Thus axones are cellijugal processes. 
They branch less frequentlx '"ndrites, and in branching suffer almost no ap- 
preciable diminution in thgya\{&meter. Branches given off along the course of the 
axone are called colla These are given off at right angles instead of dichot- 
omously, thus differin& frjm the form of branching of the dendrites. However, at 
its final terminatiog,the"axone breaks up into numerous twigs and always dichot- 
omously. The fi als of these twigs are known as telodendria. Though of 
minute diamet ^e total bulk of the axone is relatively great. The longer of 
them—for e: =, those extending from the spinal cord for the innervation of the 
foot—m comprise a volume more than two hundred times that of the cell- 


body EN rigin to it 

grèat majority of the axones of the nervous system acquire a protective and 
isola® envelope or sheath about them which begins a short distance from the 
dbll-body and is lost only upon approaching the twigs of termination. In their 
axones are divided according to the character of their sheaths. Those which 


res lee in their sheaths that peculiar mixture of fats called myelin are medullated 
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axones, and those whose sheaths are void of myelin, non-medullated axones. 
However, there is no sharp line of separation between these two varieties, for there’ 
may be found axones with sheaths of all degrees of medullation. Most of the neu- 
rones with non-medullated and partially medullated axones belong to the sympa- 
thetic nervous system. Some sympathetic axones are completely medullated, 
but their myelin sheaths are always thinner and never so well developed as those 

i of the cerebro-spinal nerves. Certain axones of short course in the central nervous 
system are non-medullated. 

In internal structure the cell-body of the neurone consists of a large, spherical, 
vesicular nucleus with usually one characteristic, centrally placed nucleolus and a 
cytoplasm continuous into the axone and dendritic outgrowths. The two most 
interesting structures of the cytoplasm are its granular and fibrillar components. 
The granules are probably of nutritive significance, and, during the death changes | 
in the cell, show a tendency to collect into clumps of characteristic shape and 
arrangement which are called tigroid masses or Nissl bodies. These masses are 
distributed throughout the cytoplasm with the interesting exception that they are 
not found in the axone or in the immediate vicinity of its hillock of origin. The 
protoplasmic fibrille, or spongioplasmic reticulum of the original cell, increase in 


Fia. 557.—ScHEMES SHOWING Two Forms or TERMINATION OF AXONES UPON CELL-BODIES OF 
OTHER NEURONES. 


A. In ventral horn of spinal cord. B. In spinal ganglia. 


A 


thickness during the development of NM and in the sending out of the 
processes the meshes of the net become,so dawn out as to give the appearance of a 
more or less parallel arrangement o threads. This appearance sometimes be- 
comes so manifest in the axone yt: of the cell-body that it has been 
interpreted as a series of indiyi independent threads or neuro-fibrille. 


Nerve impulses are transi from one element to another by means of con- 
tact rather than by direg mical continuity of the two. The axone bearing 
the impulse on approach fe termination loses its sheath and breaks up into 
its numerous terminal tWrés, the final of which are called telodendria. Their 
terminal arrangeme, ssumes forms varying from more compact ‘pericellular 
baskets’ to more ew arborisations composed of fewer twigs. The twigs of the 
arborisation or rush are either clasped upon the dendrites of the neurone or 
upon its ce NN direct, as the case may be. The general manner of the contact 
is illustrate g 557. It should be mentioned that, contrary to the current belief 
k that impuls® are transmitted by simple contact of neurones, it has been advanced 
that de ermina twigs frequently penetrate the substance of the cell-body, and it 
PME eld (more recently by Joris) that neuro-fibrille sometimes pass from 
ope netirone into another. 


he forms of nerve termination in the other tissues of the body are many and 
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Fig. 558.—SHOWING SOME VARIETIES OF PERIPHERAL TERMINATIONS OF AXONES. 


A. ‘Free termination’ in epithelium (after Retzius). B. Krause’s corpuscle from conjunctiva 
(after Dogiel). C. Meissner’s corpuscle from skin (after Dogiel). D. Pacinian corpuscle 
(after Dogiel). E. Termination upon tendon (Huber and DeWitt). F. Neuro-muscular 
spindle (atter Ruffini). G. Motor termination upon smooth muscle-cell. H. Motor ‘end- 
plate’ on striated muscle-cell (after Bóhm and von Davidoff). a, axone; t. telodendria. $ 
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various. Functionally, they are necessarily of two classes, motor and sensory. 
Efferent fibres terminate chiefly upon muscle-cells forming the so-called end-plates. 
The forms of termination in which nerve impulses originate, those of the sensory or 
afferent fibres, vary from the simple or free termination of the telodendria upon 
the surfaces of epithelial cells to the most elaborate and complicated forms of the 
so-called end-organs or corpuscles. If medullated, the axone always loses its 
myelin sheath upon approaching its termination, and necessarily the terminal twigs 
are bare. 

The supporting and connective tissue of the nervous system is of two main 
varieties—white fibrous connective tissue and neuroglia. White fibrous tissue 
alone supports and binds together the peripheral system, and it is the chief support- 
ing tissue of the central system. As connective tissues, these two varieties are quite 
similar in structure, each consisting of fine fibrillze, either dispersed or in bundles, 
among which are distributed the nuclei of the parent syncytium. In both tissues 
nuclei are frequently found possessing varying amounts of cytoplasm which has not 
yet been transformed into the essential fibrils. 

In addition to its enveloping membranes, which are wholly of white fibrous tis- 
sue, the white fibrous tissue supporting the central system within is quite abun- 
dant. It is all sent in from without, either as ingrowths of the pia mater, the most 
proximal of the membranes, or is carried in with the blood-vessels, of the walls of 
which it isan abundant component. Practically, the neuroglia as a connective tissue 
proper differs from white fibrous tissue only in origin and in its chemical or staining 
properties. Based upon the latter, there are methods of technique by which the 
two may be distinguished. White fibrous tissue is derived from the middle germ 
layer or the mesoderm, while neuroglia comes from the ectoderm. The epithelium 
lining the central canal of the spinal cord and the ventricles of the encephalon, with 
which the canal is continuous, is the remains of the mother tissue of the neuroglia, 
and in the adult is the only vestige indicating its origin. The cells of this epithe- 
lium are known as ependymal cells, and they are usually classed as a variety of 
neuroglia. 


In its development the nervous system is precocious. It is the first of the systems to begin 
differentiation, and is the first to assume form. The first trace of the embryo appears on the 
developing ovum as the embryonic area, and the rapidly proliferating cells of that area shortly 
become arranged into the three germinal layers:—an outer layer or ectoderm iddle layer or 
mesoderm, and an inner layer or entoderm. Early in the process of this nggment there is 
formed along the axial line of the embryonic area a thickened plate ee lermal cells, the 


neural plate. In the proliferation of these cells the margins of the neural Wf3je, which lie parallel 
with the long axis of the embryonic area, rise slightly above the g surface, forming the 
neural folds, and the floor of the plate between the folds undergoc& slight invagination, the 
process resulting in the neural groove (fig. 559). As al folds or NS eds and the embryonic area 


assumes the form of the distinct embryo, the neural folds or BY the groove gradually con- 


verge, and, beginning anteriorly, finally unite. Thus the g 
tube, extending along the dorsal mid-line and enclosed 1e body of the embryo by the 
now continuous ectoderm above. For a time the neura ub) rémains connected with the inner 
surface of the general ectoderm along the line of fusiofgby WwÉtrand of ectodermal cells, the neural 
crest. This crest is derived from the ridges of cells zINch composed the transition between the 
lips of the original groove and the general ectoder ind whose fusion aided in the closure of 
the tube. The essential elements of the TCA Is system together with the neuroglia tis- 


is converted into the neural 


sue are derived from the cells of the neural tu nd the cells of the neural crest. 

Even before the caudal extremity of th is entirely closed, the cephalie portion under- 
goes marked enlargement and becomes dig ated into three vesicular dilations, the primary 
vesicles. By a series of further dilatiagt Sy: S of its axis, and localised thickenings of its walls, 
the portion of the tube included in N ree primary vesicles developes into the encephalon or 
brain. The remainder of the tube »mes the spinal cord. 

The walls of the posterior vfficl re rise to the rhombencephalon, the cerebellum developing 
from its dorsal wall and the AgnsJand medulla oblongata from its ventral wall. Its cavity 
persists and enlarges into the fouTth ventricle of the adult. 

From the middle prime Geyesicl comes the mesencephalon, the corpora quadrigemina being 
formed from its dorsal ¢ fe cerebral peduncles from its ventral wall. 

'The anterior or POS cerebral vesicle undergoes greater changes than either of the 
others. At an eaglyQAyod three diverticula are given off from its anterior extremity, two lateral 
and one mesial, «y lateral are the primary optie vesicles and the mesial is the rudiment 
of the cerebr NN pheres or telencephalon. The remaining portion of the vesicle becomes 
the diencephaloM r inter-brain, its lateral walls thickening into the thalami, the posterior 
portion of jts\dorsal wall giving off a diverticulum, the epiphysis or pineal body, and from its 
ventralyy ojects a diverticulum which becomes the hypophysis with its tuber cinereum. 
ne two optic vesicles represent the course of the optic nerves, while from their 
es ae developed the retinz, portions of the ciliary bodies, and portions of the iris of 
ar bulb. 


t 
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The mesial diverticulum soon after its formation divides into two secondary vesicles, each of 
which represents a cerebral hemisphere and each of which gives off ventrally from its anterior 
part a narrow, tube-like diverticulum which is transformed into the olfactory bulb and olfac- 
tory tract of the adult encephalon, As development proceeds the cavities of the olfactory diver- 
ticula become occluded in man. However, in many of those animals in which the olfactory ap- 
paratus attains greater relative development than in man the cavities persist as the olfactory 
ventricles. The optic vesicles never persist as ventricles in the adult. 


Fig. 559.—DIAGRAMS OF SURFACE VIEWS AND SECTIONS OF GERMINAL AREAS SHOWING THE DE- 
VELOPMENT OF THE NEURAL GROOVE. 
A. Earlier stage. B. Later stage. A’. Section through area A along the line a. B’. Section 
through area B along line b. 
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“The adult human brain is characterised by the preponderant 
extend posteriorly com- 


hemispheres. These expand till, held within the cranial cavity, ; 
pletely over the thalamencephalon and mesencephalon and ovggfa e cerebellum to its posterior 
border. Their cavities, which persist from the divided mesial A&verticulum of the first or ante- 


rior embryonic vesicle, are correspondingly large, and cc 3 Gis the two lateral ventricles (two 
of the four ventricles) of the adult brain. The third XM cle lies between the thalami and 


Fig. 560.—DriaGRAMMATIC SAGITTAL SECTION € 'EMrEBRATE Brain. (After Huxley.) 
4, fourth ventricle; s, aqued et of Sylvius; 3, third ventricle. 
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NY middle of the three embryonic vesicles, while the fourth is between the cerebellum 
:dulla oblongata and represents the posterior of the primary vesicles. The four ventri- 
è eain continuous with each other, as well as continuous with the central canal of the spi- 
n®eford. Both they and the central canal represent the persisting portion of the cavity of the 

riginal neural tube. The inter-ventricular foramina connecting the third ventricle with the 
Q wo lateral ventricles are known as the foramina of Monro; that connecting the third ventricle 
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with the fourth or posterior ventricle passes under the corpora quadrigemina and is known as 
the aqueduct of Sylvius, or aquæductus cerebri. 

The localised thickening of the wall of the neural canal results from the combined prolifer- 
ation and migration of its component cells. These proliferating cells have been called germinal 


Fic. 561.—DIAGRAMMATIC HORIZONTAL SECTION OF A VERTEBRATE Brain. (After Huxley.) 
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cells. The products of their division are apparently indifferent at first, but later they become 
differentiated into two varieties:—(1) Spongioblasts, or those cells which will develope into neu- 
roglia, and (2) neuroblasts, or those cells which will develope into neurones. The neuroblasts 


Fig. 562.—DIAGRAM SHOWING THE SEGMENTS AND THE FLEXURES OF THE HUMAN BRAIN AND THE 
EXPANSION OF THE CEREBRAL HEMISPHERES OVER THE OTHER PORTIONS OF THE BRAIN. 
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localities in which the transformation occurs. SN 
v Neurones whose cell-bodies belong to the periphtra ous system are not developed within 
the walls of the central system at all. They "C wing the spinal ganglion neurones and those 


Fig. 563.—DIAGRAMS SHOWING (1) THE GRO OF THE PRIMITIVE GANGLIA FROM THE NEURAL 


Crest; (2) THE DIVISION OF THE “five GANGLIA INTO SPINAL AND SYMPATHETIC 
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of LO» thetic system) are derived from the cells of the neural crest. The wedge-shaped 
maA comprising the neural crest, through the proliferation of its cells, gradually extends 
ds over the surface of the neural tube along either side. Soon the proliferation becomes 
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most rapid in regions corresponding to the mesodermic somites or primitive body segments, and 
the result is that the neural crest becomes segmented also. The segments or cell-masses thus 
formed are the beginning not only of the spinal ganglia, but also of the entire sympathetie sys- 
tem. The cell-masses of the crest migrate to assume a more lateral position, and then occurs 
a separation in their ranks. A portion of them remain in a dorso-lateral position near the wall 
of the neural tube and develope into the neurones of the spinal ganglia (tlte cerebro-spinal sen- 
sory neurones), but others wander further out into the periphery and become the neurones of the 
sympathetie. Certain of those of this more nomadie group settle within the vicinity of 
the vertebral column and form the gangliated cord or the proximal chain of sympathetic 
ganglia; others migrate further, but in more broken rank, and become the ganglia of the pre- 
vertebral plexuses or the intermediate chain, while still others wander into the very walls of the 
peripheral organs and occur singly or in groups in such plexuses as those of Auerbach and Meiss- 
ner, between the tunics of the walls of the alimentary canal. Scattered along between these 
proximal, intermediate, and distal groups there are to be found small straggling ganglia, many 
of which contain so few cell-bodies that they are indistinguishable with the unaided eye. These 
sympathetie neurones, however, are always either directly or indirectly in connection with and 
largely under the control of the neurones of the central system through efferent fibres passing 
either vid the rami communicantes or in the peripheral distribution of the cerebro-spinal nerves. 


From the foregoing it will be seen that a ganglion may be defined as an aggre- 
gation of cell-bodies of neurones whether sympathetie or cerebro-spinal. As growth 
proceeds these cell-bodies send out their processes for the reception and transmis- 
sion of nerve impulses. The cellifugal process, the axone, being in the majority of 
eases the longer process, is more in evidence. Every ganglion, therefore, will have 
connected with it bundles of nerve-fibres, some of which bear impulses to its cells 
from neighbouring ganglia or from the tissues of neighbouring organs: others of 
which arise from its cells and bear impulses to other ganglia or to the tissues of the 
organs. Necessarily, the larger the ganglion, the larger will be these bundles of 
fibres. In the peripheral system the larger of these bundles are given the general 
name of nerves, the smaller are spoken of as branches, rami, etc. In the central 
system the larger pathways, especially if mixed, are funiculi, the smaller and 
those composed of axones of similar functional course are called fasciculi. 
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Qnia a large gang- 
and the bundles of fibres 
the peripheral ganglia are 
“the axones connecting these 


The central nervous system or organ is an aggregatic 
lionated axis situated in the dorsal mid-line of the body’ 
connecting it with the tissues of other systems and 
of necessity correspondingly large. So numeroys 
ganglia and so intimately are they associate a disturbance affecting any one 
part of the system may extend to influence or parts. The enlarged cephalic 
extremity of this central axis, the encep&alðrf is a special aggregation of ganglia, 
many of which are much larger than e srs found in the body. 

In the study of the central nervous A em its enveloping membranes or meninges 
are met with first, and logically shqgNl be considered first, but since a comprehen- 
sive description of these membr: nvolves a foreknowledge of the various struc- 
tures with which they are rela is more expedient to consider them after mak- 
ing a closer study of the entNwtem they envelope. 

For convenience of s the central nervous system is separated into the 
general gross divisiof6 iMwetrated in fig. 564. Each of these divisions will be 
subdivided and considgA with especial reference to its anatomical and functional 
relations to the ag jivisions and the inter-relations of its component parts. 


+ E cR 
NN THE SPINAL CORD 
T! NS eord or medulla. spinalis is the posterior and most attenuated portion 


of t lentral nervous system. It is approximately cylindrical in form and termi- 
NO) cbnically. Its average length in the adult is 44 cm. (18 in.). It averages 


5 


ew ft 2 cm. longer in the male than in the female. It weighs from 26 to 28 gm. or 


.AQ 
SV 


out 2 per cent. of the entire cerebro-spinal axis, and has about gj; the weight of 


THE SPINAL CORD Vol 


the encephalon. After birth it grows more rapidly and for a longer period than the 
encephalon, increasing in weight more than sevenfold, while the Drain i increases less 
than half that amount. Its specific g gravity is given as 1:038. 

The line of division between the spinal cord and the medulla oblongata is arbi- 
trary. The outer border of the foramen magnum is commonly given, or, better, a 
transverse line just below the decussation of the pyramids. Lying i in the vertebral 
canal, the adult cord usually extends to the upper border of the body of the second 
lumbar vertebra. However, cases may be found in which it extends no farther than 
the last thoracic vertebra. Up to the third month of intra-uterine life it occupies 


Fie. 564.—Dr1AGRAM ILLUSTRATING THE Gross DIVISIONS OF THE CENTRAL NERVOUS SYSTEM. 
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the entire length vn bral eanal, but owing to the fact that the vertebral 
column lengt aes re I rapidly and for a longer period th aan does the spinal cord, the 
latter, being? d to the brain above, soon ceases to occupy the entire canal. 
At birth INS age extent is to the body of the third lumbar vertebra. 
orphology. —In position in the body, the spinal cord conforms 
‘atures of the canal in which it lies. In addition to the bony wall 
te'bral canal, it is enveloped and protected by its three membranes or men- 
,Whieh are continuous with the like membranes of the encephalon: first, the 
ater, which closely invests the cord and sends ingrowths into its substance, 
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contributing to its support; second, the arachnoid, a loosely constructed, thin 
membrane, separated from the pia mater by a considerable subarachnoid space; 
third, the dura mater, the outermost and thickest of the membranes, separated from 
the arachnoid by merely a slit-like space, the subdural space. 

The intimate association of the central system with all the peripheral organs is 
attained chiefly through the spinal cord, and this is accomplished by means of 
thirty-one pairs of spinal nerves, which are attached along its lateral aspects. The 
nerves of each pair are attached opposite each other at more or less equal intervals 
along its entire length, and in passing to the periphery they penetrate the meninges, 
which contribute to and are continuous with the connective-tissue sheaths investing 
them. Each nerve is attached by two roots, an afferent or dorsal root, which 
enters the cord along its postero-lateral sulcus, and an efferent or ventral root, which 
makes its exit along the ventro-lateral aspect. 

With its inequalities in thickness and its conical termination the spinal cord is 
subdivided into four parts or regions:—(1) The cervical portion, with eight pairs 
of cervical nerves; (2) the thoracic portion, with twelve pairs of thoracic nerves; (3) 
the lumbar portion, with five pairs of lumbar nerves; and (4) the conus medul- 
laris, or sacral portion, with five pairs of sacral and one pair of coccygeal nerves. 
From the termination of the conus medullaris, the pia mater continues below in the 
subarachnoid space into the portion of the vertebral canal not occupied by the 


Fig. 565.— Donsarn VIEW or Portion OF SPINAL CORD IN POSITION IN VERTEBRAL CANAL. 
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spinal cord, and forms the Born ronk i Mider, thread-like terminal, the filum 
terminale. This becomes continuous wg ne dura mater at its lower extremity. 
In the early foetus the spinal aS i es from their attachment to'the spinal 
cord outwards through the interver@yal foramina at right angles to the long axis of 
the cord, but, owing to the fact he vertebral column increases considerably in 
length after the spinal cord hy tically ceased growing, the nerve-roots become 
drawn caudad from their y ff attachment, and, as is necessarily the case, their 
respective foramina are diN md progressively downwards as the termination of the 
cord is approached, fti ally the roots of the lumbar and sacral nerves extend 
downwards as E one L#arallel bundles considerably below the levels at which they 
are attached. ey 1 of nerve-roots is the cauda equina. The dura mater, being 
more closely re o the bony wall of the canal than to the spinal cord, extends 
with the ver a l column and thus envelopes the cauda equina, undergoing a 

cae y ke v, conical termination. 
gements..— Wherever there is a greater mass of tissue to be 
innerva the region of the nervous system supplying such must of necessity pos- 
sessa\greater number of neurones. Therefore, the regions of the spinal cord asso- 
vith the skin and musculature of the regions of the superior and inferior 


limes are thicker than the regions from which the neck or trunk alone are inner- 
4 yt 


ted. Thus in the lower cervical region the spinal cord becomes broadened into 
cervical enlargement, and likewise in the lumbar region occurs the lumbar 


€ 
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enlargement. The spinal nerves attached to these regions are of greater size 
than in other regions. 

The cervical enlargement begins with the third cervical vertebra, acquires its 
greatest breadth (12 to 14 mm.) opposite the lower part of the fifth cervical vertebra 
(origin of the sixth cervical nerves), and extends to opposite the second thoracic 
vertebra. Unlike the lumbar enlargement, its lateral is noticeably greater than its 
dorso-ventral diameter. 


Fra. 566.—DRAWING FROM SPECIMEN SHOWING CAUDA EQUINA, THE BEGINNING OF CERTAIN OF 
THE SPINAL NERVES WHICH FORM IT, AND ITS ACCOMPANYING Dura MATER. (Dorsal aspect.) 
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The bath snlargement begins gradually with the ninth or tenth thoracic ver- 
tebra, is most®marked at the twelfth thoracic vertebra (origin of the fourth lumbar 
nerves) wal rapidly diminishes into the conus medullaris. 

Be hé lumbar and thoracic regions are practically circular in transverse sec- 

Neither diameter of the lumbar is ever so great as the lateral diameter of 
ervieal enlargement. The thoracic part attains its smallest diameter opposite 
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the fifth and sixth thoracic vertebre (attachment of the seventh and eighth 


thoracic nerves). 
The enlargements occur with the development of the upper and lower limbs. In 


Fig. 567.—PosTERIOR AND ANTERIOR VIEWS OF THE SPINAL CorpD. (Modified from Quain.) 


OLIVARY BODY 
LATERAL FUNICULUS 
DECUSSATION OF PYRAMIDS 


CLAVA 


FUNICULUS CUNEATUS Y | 
í JF ANTERIOR MEDIAN FISSURE | 


/ 
POSTERO-MEDIAN SULCUS 4| 
E 
f 
L| 


SECTION OF MEDULLA 
CERVICAL OBLONGATA 
ENLARGEMENT 


4- ANTERO-LATERAL SULCUS 
(Line of ventral nerve-roots) 


POSTERO-LATERAL | 
SULCUS | 


!1X 


|| 
| 
|J 


m 
I 

M 
s) i 


POSTERO-LATERAL -+ 
SULCUS 
| 
| 


| 


I 


|] 


TERM LE 
LUMBAR 


ENLARGEMENT 


CONUS 
MEDULLA RIS 


pryo they are not evident until the limbs are formed. In the orang-utan 
e “orilla the cervical enlargement is greatly developed; the ostrich and emu have 


ractically none at all. 


Surface of the spinal cord.— The cord is separated into nearly symmetrical 
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right and left halves by the broad anterior median fissure into which the pia mater 
is duplicated, and opposite this, on the dorsal surface, by the posterior median sul- 
cus. Along the lower two-thirds of the cord this sulcus is merely a septum; in the 
medulla oblongata it opens up and attains the character of a fissure, and finally 
becomes continuous into the fourth ventricle. Each of the two lateral halves of 
the cord is marked off into a posterior, lateral, and anterior division by two other 
longitudinal sulci. Of these, the postero-lateral sulcus occurs as a slight groove 
2 to 34 mm. lateral from the posterior median sulcus, and is the groove in w hich the 
dorsal roots enter the cord in regular linear series. The ventral division is separated 
from the lateral by the antero-lateral sulcus. This is rather an irregular, linear 
area than a sulcus. It is from 1 to 2 mm. broad, and represents the area along 
which the efferent fibres make their exit from the cord to be assembled into the respec- 
tive ventral roots. This area varies in width according to the size of the nerve-roots, 
and, like the postero-lateral sulcus, its distance from the mid-line varies according 
to locality, being greatest on the enlargements of the cord. In the cervical region, 
and in part of the thoracic, the posterior division is subdivided by a delicate longi- 
tudinal groove, the postero-intermediate sulcus, which becomes more evident 
towards the medulla oblongata and represents the line of demarcation between the 
fasciculus gracilis and the fasciculus cuneatus. Occasionally in the upper cervical 


Fic. 568.—A, VENTRAL, AND B, DORSAL, VIEWS OF PORTION OF SPINAL CORD SHOWING MODES OF 
ATTACHMENT OF DORSAL AND VENTRAL Roots. 
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region a similar line may be seen along R aspect close to the anterior 
median fissure. This is the antero-int ediate sulcus, forming the lateral 
boundary of the ventral pyramidal fa€gfsulus. 

Collectively, the entire space beteg the das ab median sulcus and the line of 
attachment of the dorsal roots AME by the posterior funiculus; the lateral 
space between the line of atti Soir nt the dorsal and that of the ventral roots, 
by the lateral funiculus; * space between the ventral roots and the anterior 
median fissure, by the anfteri Or funiculus. Sach of these funiculi is subdivided 
into its component fascict®. 

'The dorsal and vene) nerve-roots are not attached to the cord as such, but are 
first frayed out int erous thread-like bundles of axones which are distributed 
along their ane rance and exit. These bundles are the root filaments (fila 
rt e eS espective roots. The fila of the larger spinal nerves are fanned 
ES to TN of forming almost continuous lines of attachment, while in the 


o SS S are appreciable intervals between those of adjacent roots. 
Throug! 3 the intervals are less between the fila of the ventral than between 
Tied rsal roots. 


o structure of the spinal cord.— By reflected light masses of medul- 
wd xones appear white, and such masses are known as white substance. Masses 
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in which cell-bodies of neurones, non-medullated axones, and supporting tissue pre- 
dominate have a darker or greyish appearance, and are known as grey substance. 
The spinal cord consists of a continuous, centrally placed column of grey substance 
surrounded by a variously thickened tunic of white substance. The closely invest- 
ing pia mater sends numerous ingrowths into the cord, bearing blood-vessels and 
contributing to its internal supporting tissue. The volume of white and of grey 
substance varies both absolutely and relatively at different levels of the cord. The 
absolute amount of grey substance increases with the enlargements. The absolute 
amount of white substance also increases with the enlargements coincident with the 
greater amount of grey substance in those regions. The relative amount of white 
substance increases in passing from the conus medullaris to the medulla oblongata, 
due to the fact that the ascending and descending axones connecting the cord with 
the encephalon are contributed at different levels of the cord along its entire course. 
The grey substance.—In the embryo all the nerve-cells of the grey substance 
are derived from the cells lining the neural tube, and in the adult the column of grey 
substance, though greatly modified in sh: ape, still retains its position about the cen- 
tral canal. In transverse section the column appears as a grey figure of two laterally 
developed halves, connected across the mid-line by a more attenuated portion, the 
whole roughly resembling the letter H. The cross-bar of the H is known as the grey 
commissure. Naturally, it contains the central canal, which is quite small and 
is either rounded or laterally or ventrally oval in section, according to the level of 
the cord in which it isexamined. The canal continues upwar ds, and in the medulla 
oblongata opens out into the fourth ventricle. Downwards, in the extremity of 
the conus medullaris, it widens slightly and forms the rhomboidal sinus or termi- 
nal ventricle, then is suddenly constricted into an extremely small canal extending 
a short distance into the filum terminale, and there ends blindly. The grey com- 
missure always lies somewhat nearer the ventral than the dorsal surface of the cord, 
and itself contains a few medullated axones which vary in amount in the different 
regions of the cord. Of these, the axones crossing the mid-line on the ventral side of 
the central canal form the ventral or anterior white commissure; those, usually 
much fewer in number, crossing on the dorsal side of the central canal, form the 
dorsal or posterior white commissure. ‘The axones of these commissures serve in 
functionally associating the two lateral halves of the grey colum 
Each lateral half of the grey column presents a somewha 
shaped appearance in transverse section, which also varies 3 
the cord. At all levels each half presents two vertical, 
selves spoken of as columns of grey substance. The d 
rior, extends posteriorly and somewhat laterally towag 
the line of the postero-lateral sulcus. It is compag 
(cervix). In structure the apex is peculiar. NS 


jicentie or comma- 
:Xdifferent levels of 
-defined horns, them- 
orn, or columna, poste- 
, the surface of the cord along 
an apex (caput) and a neck 
reater portion of it consists of 


a mass of small nerve-cells and neuroglia tisgf@\&aong which a gelatinous substance 
of questionable origin predominates, giving 1ofn a semi-translucent appearance. 


This is designated as gelatinous substagce of Rolando, to distinguish it from a 
similar appearance immediately about t@@®ntral canal (central gelatinous substance). 
The apex of the dorsal horn is widgst Mw'the regions of the enlargements, and the 
gelatinous substance of Rolando j st marked in the cervical region. In these 
regions the cervix consists of a it constriction, of the dorsal horn between the 
apex and the line of the grey e Sure. In the thoracic region, however, the base 
of the cervix is the thickeSW WT of the dorsal horn. This thickness is due to the 
presence there of the dorsalis, or Clarke's column—a column of grey sub- 


stance containing nufier@® nerve-cells of larger size than elsewhere in the dorsal 
horn, and extending b&#een the sevehth cervical and third lumbar segments of the 


rat its ends, this nucleus attains its height in the lower tho- 
racic or first lu segment. About the ventral periphery of the nucleus dorsalis 
are scattered -cells of the same type as contained in it. These cells compose 


Stilling’ NS us. They are more numerous about the lower extremity of the 


cord. Tapering «fi 


nucleus is, and they continue to appear below its termination in the lumbar 
Esco 
wit ventral horn, or columna anterior, of each lateral half of the grey figure is 
ACY’ ventrally towards the surface of the spinal cord, pointing towards the antero- 
Al sulcus. It contains the cell-bodies which give origin to the efferent or ven- 
xi root axones, and these axones make their emergence from the spinal cord along 
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the suleus. The ventral horns vary markedly in shape in the different regions. In 
certain segments each ventral horn clearly presents its two component columns of 
grey substance: the lateral horn (columna lateralis), a triangular projection of 
grey substance into the surrounding white substance, in line with or a little ventral 
to the line of the grey commissure; and the ventral horn proper (columna anterior), 
projecting ventrally. In the mid-thoracic region the lateral horn is relatively insig- 
nifieant, and the anterior horn is quite slender; in the cervical and lumbar enlarge- 
ments both horns are considerably enlarged and fuse into one large column. 

The grey substance is not sharply demarcated from the white. In the blending 
of the two there often are small fasciculi of white substance embedded in the grey, and 
likewise the grey substance sends fine processes among the axones composing the 
white substance. Such processes or grey trabecule are most marked along the 
lateral aspects of the grey figure and present there the appearance known as the 
reticular formation. The reticular formation of the spinal cord is most evident 
in the cervical region (fig. 569). 

The large cell-bodies of the ventral horn as a whole are divisible into four groups, 
only two of which are to be distinguished in the mid-thoracic region of the spinal 


.eord:—(1) A ventral group of cells, sometimes separated into a ventro-lateral and a 


ventro-medial portion (see figs. 569 and 571), occupies the anterior column, 
is eonstant throughout the entire length of the cord, and contributes axones 
to the ventral root, most of which probably supply the muscles proximal to the spinal 
column; (2) a dorso-medial group of cells, situated in the medial part of the ventral 
horn, just below the level of the central canal, gives origin to axones some of which 
go to the ventral root of the same side, but most of which cross the mid-line via the 
anterior white commissure, either to pass out in the ventral root of the opposite side 
or to enter the white substance of that side and course upwards or downwards, asso- 
ciating with other levels of the cord. Some of its axones terminate among the cells 
of the ventral horn in the same level of the opposite side; (3) a lateral group of cells, 
sometimes separated into a dorso-lateral and a ventro-lateral portion, occupies the 


lateral column of the horn, and is best differentiated in the cervical and lumbar 


enlargements. Most of the axones arising from its larger cells are contributed to 
the ventral root of the same side, and such axones probably supply the muscles of the 
extremities. Some of those from its ventral portion are distributed to the muscles 
of the body-wall; (4) an intermediate group, occupying the mid-dorsal Nortion of the 
ventral horn. Axones arising from its cells are probably seldom e&triyuted to the 
ventral root, but instead course wholly within the central nery NA teta: Some 
pass to the opposite side of the cord, chiefly viá the anterior anc Giri; the posterior 
white commissure, to terminate either in the same or differe(tNeVels of the grey col- 
umn. Others of longer course pass to the periphery of CG) 1, join one of the cere- 
bello-spinal fasciculi, and pass upwards to the cerebel 

Furthermore, there are scattered throughout Jae 
nerve-cells. These give rise to axones of short Use, either commissural or 
associational proper. Of such axones manyQrefüite short, coursing practically 
in the same level as that in which their cells sigin are located, and serve to con- 
nect the different parts of the grey substanctw#f that level. Others course varying 
distances upwards:and downwards for th@ypsociation of different levels of the grey 
column. 

It is evident from the above th 
there is also to be found a felt-wé 
axones are medullated, though c : 
acter of the substance. Thiel ork is composed of three general varieties of fibres: 
—(1) The terminal twigs ofÀwanes and their collaterals entering from the fasciculi 
of the white pu ak ve Mid end-brushes about the various cell-bodies in the 
grey substance (partlewelullated); (2) axones given off from the cells of the grey 
substance and whi ss into the surrounding white substance either to enter the 
ventral roots ouftqQWo the ascending and descending fasciculi within the spinal cord 
(partly medui (3) axones of Golgi cells of type II, which do not pass outside 
the confines ofWYe grey substance (non-medullated). Some axones of any of these 
varieties RN eros the mid-line and thus become commissural. In general all fibres 
of ADG Da acquire medullary sheaths a short distance from their cells of origin, 
and Nse Wiem again just before termination. 
white substance of the spinal cord.— The great mass of the medullated 


'y substance many smaller 


té tion to the various nerve-cells it contains, 
Axones in the grey substance. Many of these 


sufficient abundance to destroy the grey char- 
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Fia. 569.—(Continued.) 


Fig. 569.—TRANSVERSE SECTIONS FROM DIFFERENT SEGMENTS OF THE SPINAL CORD, SHOWING 
SHAPE AND RELATIVE PROPORTIONS OF GREY AND WHITE SUBSTANCE IN THE DIFFER- 
ENT SEGMENTS REPRESENTED. 


CoccYGEAL 


«o 
arse longitudinally and thus coursing, form the thick man- 
mn of grey substance. This mantle is divided into right and 


left homolater res by the anterior median fissure along its ventral aspect, and 
along its dorsa\Nect by the posterior septum, which is for the most part a connective- 


tissue partition Verived from the pia mater along the line of the posterior median 
mantle is supported internally by interwoven neuroglia and white 
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The axones of the white substance belong to three general neurone systems:— 
(1) The cerebro-spinal system, which consists of axones of long course both ascending 
and descending, forming conduction paths between the cerebrum and the peripheral 
organs. The ascending axones of this system collect the general bodily sensations 
and convey them to the cerebrum, the cells of which in response contribute axones 
which descend the cord, conveying efferent or motor impulses. (2) The cerebello- 
spinal system consists of conduction paths, both ascending and descending, which 
are connections between cerebellar structures and the grey substance of the spinal 
cord. (3) Axones which serve to associate the different levels of the spinal cord. 
The axones of this system are proper to the spinal cord, i. e., they do not pass outside 
its confines. Necessarily this system contains axones of various lengths. Some 
merely associate. different levels within a single segment of the cord; others asso- 
ciate the different segments with each other. Axones which associate the structures 
of the spinal eord with those of the medulla oblongata may be included in this system. 
Both the first and second systems increase in bulk as the cord is ascended. The 
ascending axones of each system are contributed to the white substance of the cord 
along its length, and therefore accumulate upwards; the axones descending from 
the encephalon are distributed to the different levels of the cord along its length, and 
therefore diminish downwards. 

The mass of the third system of axones varies according to locality. Wherever 
there is a greater mass of neurones to be associated, as there isin the enlargements of 
the cord, a greater number of these axones is required. Their cells of origin, being 
in the grey substance of the cord, contribute to its bulk and thus both the cells and 
the axones of this association system serve to make theenlargements more marked. In 
the lumbar and sacral regions the greater mass of the entire white substance consists 
of axones belonging to this system. It forms a dense felt-work about the grey column 
throughout its length. Many of these axones cross the mid-line to associate the 
neurones of the two sides of the grey column. For purposes of distinction, such as 
eross the mid-line are called commissural fibres, while those which course upwards 
and downwards on the same' side are association fibres. Coursing in longitudinal 
bundles about the grey figure,.they compose the fasciculi proprii or ‘ground bun- 
dles’ of the spinal cord. 

A purely anatomical examination of a normal adult cord, prepared by whatever 
means, gives no indication of the fact that the mass of longit ally coursing fibres 
of the white substance is composed of more or less def K ındles or fasciculi, 
each having a definite course, and whose axones form RA nduction paths) in a 
definite system of neurone chains. 


Present information as to the size, position, and LU QD) s of the various fasciculi is based 
upon evidence obtained by three different lines of inves )D:— 

(1) Physiological investigation.—(a) Direct htion of definite bundles or areas in 
section and carefully noting the resulting react) ch indicate the function and course of 
the axones stimulated. (b) ‘Wallerian degene e ' nd the application of such methods as 

at tion of it which is separated from its parent 
cell-body degenerates. Likewise a bundle axones severed, whether by accident or design, 
will degenerate from the point of the lesio o the locality of their termination in whichever 
direction this may be. By the application a staining technique which is differential for de- 
generated or degenerating axones and 4 dy of serial sections containing'the axones in question, 
their course and distribution may be Mined. The locality of their cells of origin, if unknown, 
may be determined by repeated gx ent till a point of lesion is found not followed by degen- 
eration of the axones under i Q f 


that of Marchi. When an axone is severed, 


> (c) The axonie reaction or ‘reaction from a distance.’ 
Cell-bodies whose axones hare severed undergo chemical change and stain differently from 
those whose axones are int: Thus cell-bodies giving origin to a bundle of severed axones may 
be located in correctly fti sections of the region containing them. 

(2) Embryologic ence.—In the first stages of their development axones of the cerebro- 
spinal nervous system aM9non-medullated. . They acquire their sheaths of myelin later. Axone 
pathways forming yos connections become medullated at different periods. Based upon 
this fact a met investigation originated by Flechsig is employed, by which the position 
and course of e» s pathways may be determined. A staining method differential for medul- 
lated axopegf* is applied to the nervous systems of fcetuses of different ages, and pathways 
In ha NN given stages may be followed from the locality of their origin to their termination. 

>» WS) 


In th NN ages, when most of the pathways are medullated and therefore stain alike, the less 
precor AÀ pathways may be followed by their absence of medullation. 

) Direct anatomical evidence.—Stains differential for axones alone are applied to a given 

lg SY to determine the fact that the axones of a given bundle actually arise from the cell- 

Noe there, or that axones traced to a given locality actually terminate about the cell-bodies 

oNfhat locality. For example, it may be proved anatomically that the axones of a dorsal root 

arise from the cells of the corresponding spinal ganglion, and then these axones may be traced 


ur 


we 
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into the spinal cord and their terminations noted either by collateral or terminal twigs, or the 
fasciculus they join in their cephalic course may be determined. 

For topographical purposes, that the various fasciculi may be referred to with greater ease, the 
white substance of the spinal cord in section is divided into three areas known as funiculi or col- 
umns and which correspond to the funiculi already mentioned as evident upon the surface of the 
cord when intact. The funiculi are outlined wholly upon the basis of their position in the cord 
and with reference to the median line and the contour of the column of grey substance; their com- 
ponent fasciculi are defined upon the basis of function. (1) The posterior funiculus or column is 
bounded by the posterior septum and the line of the dorsal horn; (2) the lateral funiculus or 
column is bounded by the lateral concavity of the grey column and the lines of entrance and exit 
of the dorsal and ventral roots; (3) the ventral juniculus or column is bounded by the mesial border 
of the ventral horn and by the anterior median fissure. 


The posterior funiculus or column.—This column is composed of two general va- 
rieties of axones arranged in five fasciculi. First, and constituting the predominant 
type in all the higher segments of the cord, are the afferent or general sensory axones, 
which arise in the ‘spinal ganglia, enter the cord by the dorsal roots, assume their dis- 
tribution to the neurones of the cord, and then take their ascending course towards 
theencephalon.. The axone of the spinal ganglion neurone undergoes a T-shaped divi- 
sion a short distance from the cell-body, one limb of this division terminating in the 
peripheral organs and the other going to form the dorsal root. Upon entering the cord 
the dorsal root axones undergo a Y-shaped bifurcation in the neighbourhood of the 
dorsal horn, one branch ascending and the other descending. Their ascending 
branches form the fasciculus gracilis (Goll's column) and the fasciculus cunea- 
tus (Burdach’s column). These fasciculi are the chief ascending or sensory cerebro- 
spinal connections, the direct sensory path to the cerebrum. The neurones repre- 
sented in them constitute the first link in the neurone chain between the periphery: 
of the body and the cerebral cortex. In threading their way towards the brain, 
these sensory axones tend to work towards the mid-line. "Therefore those of longer 
course are to be found nearer the posterior septum, in the upper segments of the cord, 
than those axones which enter the cord by the dorsal roots of the upper segments. 
Thus it is that the fasciculus gracilis, the medial of the two fasciculi, contains the 
axones which arise in the spinal ganglia of the sacral and lumbar segments. In other 
words, it is the fasciculus bearing sensory impulses from the lower limbs to the brain, 
while the fasciculus euneatus, the lateral of the two, is the corresponding pathway 
for the higher levels. Naturally, there is no fasciculus cuneatus as such in the lower 

segments of the spinal cord. The axones being much blended ¢ , it is only in 
the cervical region that there is any anatomical demarcation efi the two fas- 
ciculi. In this region the two become so distinct that there ify some cases an ap- 
parent connective-tissue septum between them, continuing j rds from the postero- 
intermediate suleus—the surface indication of the line junction. 

Upon reaching the medulla oblongata the fibres o asciculus gracilis and the 
fasciculus cuneatus terminate about cells grouped to the nuclei of these fasciculi. 
The nucleus of the fasciculus gracilis is aan Ses ly and begins just below the 
point at which the central canal opens into th ventricle; the nucleus of the 
fasciculus cuneatus is placed laterally and eXends somewhat higher than the other 
nucleus. The neurones whose cell-bodie& Jompose these nuclei constitute the 
second links in the neurone chains con on sensory impulses from the periphery 


to the cerebral cortex. 

The descending or caudad ae oF ne dorsal root axones are concerned wholly 
with the neurones of the spinal NO ley descend varying distances, some of them 
as much as four segments of T NM and give off numerous collaterals on their way 
to the cells of the grey co Those terminating about cell-bodies of the ventral 
horn which give rise to tke y ntral or motor root-fibres, are responsible for certain 
of the so-called ‘reflex iwities’ and thus contribute to the simplest of the reflex 
arcs. In descending Xo serve to associate different levels of the grey substance 
of the cord with KO s entering by way of a single dorsal root. Some ‘of their col- 
laterals cross N ine in the posterior white commissure, and thus become con- 
nected with KY es of the opposite side. The caudad branches of longer course 
are sc D ughout the ventral portion of the fasciculus cuneatus (middle root 
zone), but«shoW a tendene y to collect 


along the border-line between the fasciculus 
d the fasciculus gracilis, and thus contribute largely to the comma- 
ciculus. Also many of them course in the oval bundle or septo- 
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The ascending branches of the dorsal root axones also give off collaterals to the 
grey substance of the cord, thus extending the area of distribution of a given posterior 
nerve-root to levels of the cord above the region at which the root enters. 

The greater number of the terminations of dorsal root axones within the spinal 
eord are concerned with neurones other than those contributing ventral root-fibres. 
The greater mass of the neurones concerned are those contributing thefasciculi proprii 
or ground bundles of the spinal cord, or the second variety of axones composing the 
posterior funiculus. The latter fasciculi arise from the smaller cells of the grey column. 


Fia. 570.—SHowING DISPOSITION OF THE Donsar Roor-risRES UPON ENTERING SPINAL CORD. 
(From Edinger. after Cajal.) 


A, shows dorsal root axones DR, entering the spinal cord, bifureating B, and giving off collat- 
erals C to the neurones of the cord. B shows the terminal twigs of these axones or of their 
collaterals displayed upon cell-bodies of the grey substance of the cord. 
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ing branches, which inktháir turn give off numerous collaterals to the cells of the 
grey substance of the leWffs through which they pass. The cell-bodies giving origin 
to such axones NC numerous that the entire column of grey substance is sur- 


rounded by a co(ft&Mious felt-work of axones of this variety. 
The dorsa Siculus proprius (anterior root zone of posterior column) arises 
chiefly froNNNe situated in the dorsal horn (stratum zonale). Coincident with the 
RAN of the fasciculi gracilis and cuneatus many fibres of the 


perth NS 
dorsal M ulus proprius go to form both the oval bundle and the comma-shaped 
b 


They enter the reo. substance, bifurcate into ascending and descend- 


fasgly Thus these two bundles are mixed, being fasciculi proprii which contain 
auc 'anches of dorsal root axones. The ‘median triangle’ is formed by the con- 
ation of the dorsal fasciculi proprii with the oval or septo-marginal fasciculus. 
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Some of the axones of the dorsal fasciculus proprius cross the mid-line to distribute 
impulses to the neurones of the opposite side. These commissural axones, together 
with certain collaterals of the dorsal root axones, which cross the mid-line outside 
the dorsal white commissure, compose the so-called cornu-commissural tract at 
the base of the posterior septum. 

. The lateral funiculus or column.—Not all the axones of the posterior or dorsal 
nerve-roots extend to the encephalon. Estimation shows that the sum of all the 
dorsal roots is greatly in excess of the sum contained in the fasciculi cuneatus and 
gracilis just before these enter their nuclei of termination. Therefore many of the 
ascending dorsal root axones are concerned with spinal-cord connections wholly. 
The marginal zone of Lissauer, situated along the lateral margin of the postero- 
lateral sulcus, is composed largely of dorsal root axones. Many of these finally work 
across the line of the sulcus into the posterior column. Many of the dorsal root-fibres 
which do not reach the brain occur in Lissauer’s zone. Many others, of course, occur 
throughout the posterior column. Lissauer’s zone also contains some fibres arising 
from the small cells of the dorsal horn, and to this extent corresponds to a 
fasciculus proprius. 

The lateral fasciculus proprius (lateral ground bundle, lateral limiting layer) 


Fic. 571.—Scuematic REPRESENTATION OF THE SHAPE AND POSITION OF THE VARIOUS Fascic- 
ULI OR CONDUCTION PATHS OF THE SPINAL CORD AND THE GROUPING AND SIGNIFICANCE OF 
THE CELL-BODIES OF THE GREY SUBSTANCE., (Compiled from the schemes of von Lenhos- 
sèk and Held.) 


FASCICULUS GRACILIS (Goll's column) OVAL BUNDLE (septo-marginal root-zone) 
FASCICULUS CUNEATUS ( POSTERIOR MEDIAL ROOT ZONE t | COMMA-SHAPED TRACT (Schultze) 
(Burdach's column) i MIDDLE ROOT ZONE « y Z 
` ‘ 7 , ,FASCICULUS PROPRIUS DORSALIS (anterior 


DORSAL ROOT 


root-zone) 
STRATUM ZONALE 
MARGINAL ZONE OF LISSAUER 
- (lateral root zone) 
- SUBSTANTIA GELATINOSA (Rolandi) 
. NUCLEUS OF POSTERIOR HORN 


SPINAL GANGLION 327 
CELLS 


FASCICULUS CEREBELLO- Z 


SPINALIS (direct cerebellar - NUCLEUS DORSALIS (Clarke's 


tract) 
. FASCICULUS CEREBRO-SPINA LIS ys es column) 
LATERALIS (crossed pyramidal tract) -~ ..- FASCICULUS PROPRIUS 
LATERALIS 


INTERMEDIATE OR "VESTIBULO--- 
SPINAL” | FASCICULUS (from 
Deiter's nucleus and red nucleus) ed c 

CORPORA QUADRIGEMINA-THALA- 

MUS PATH uf, 
FASCICULUS VENTRO-LATERALIS 
SUPERFICIALIS (Gowers tract) 


I&J ~~ DORSQLATERAL 
"Agios RM ADIATE GROUPS 
OF VEN- 


EnS L (ventro-lat- DIE 
SS uiid ventro-mediat) | CELLS 


J i YO $^ MEDIAL 
HELWEG S FASCICULUS (OLIVARIS) P erar ie wae men 
L4 , ~ 
"ASCICULUS (to and from) FORMATIO RETICULARIS ,’ P NO 4 FIDA READICULARIA OF VENTRAL ROOT 
FASCICULUS MARGINALIS VENTRALIS (from nucleus PA VV FASCICUL UNDPRIUS VENTRALIS 
fastigii of cerebellum) ye \* COMMIS SG UNDLE 
‘ 


-MARGINALIS (from 


FASCICULUS CEREBRO-SPINALIS VENTRALIS FASCICULUS: P 
i rigemina) 


(direct pyramidal tract) 


is situated in the lateral concavity of the graf\golumn and is continuous with the 
other fascieuli proprii both dorsal and venti Beyond that it probably does not 
contain commissural axones, it is of thépgame general significance as the others. 


4 the reticular formation. 
(crossed pyramidal tract). In contrast 
the spinal cord to the cerebral cortex, axones 
lls of the cortex, which descend to terminate 
about the cells of the grey ce of the spinal cord, chiefly the cells which give 
origin to the ventral root-Mopg5. Upon reaching the medulla oblongata in their 
descent, these axones are~yccumulated into two well-defined, ventrally placed bun- 
dles, the pyramids, Bon each cerebral hemisphere. In passing through the 
brain stem the pyr; $ contribute many fibres to the motor nuclei of the cranial 
nerves, and thus rease appreciably in bulk. According to the estimate of 
Thompson, al W ,000 of the pyramidal fibres are destined to enter the spinal 
cord. 

Upon reÁching the lower part of the medulla, the greater mass of the fibres of 
each Boe which are destined to enter the cord, suddenly cross the mid-line in , 
the ey ation of the pyramids.’ The remainder retain their ventral position in 


It is frequently divided into small bunc 
The lateral cerebro-spinal fascj 

to the sensory fibres passing th 

are given off from the pyrami 


~~? 
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their descent of the cord. The crossed pyramidal fibres course in the lateral column 
ventral to Lissauer’s zone, and lateral to the lateral fasciculus proprius, and form 
the lateral cerebro-spinal fasciculus (crossed pyramidal tract). It is a large fas- 
ciculus, oval shaped in transection, and since its axones terminate in the grey column 
of the cord all along its length, it decreases in bulk as the cord is descended. 

In addition to the three dispositions of the dorsal root axones given above, cer- 
tain of them, either by collaterals or terminal twigs, form end-brushes about the 
cells of the nucleus dorsalis (Clarke’s column). The axones given off by these cells 
pass to the dorso-lateral periphery of the lateral funiculus, and there collect to form 
the cerebello-spinal fasciculus (direct cerebellar tract of Flechsig). As such they 
ascend without interruption, and in the upper level of the medulla oblongata pass 
into the cerebellum by way of the inferior cerebellar peduncle or restiform body. 
Necessarily, this fasciculus is not evident in levels below the extent of the nucleus 
dorsalis. 

Also situated superficially in the lateral funiculus is another ascending conduc- 
tion path, and, like the cerebello-spinal fasciculus, to which it is adjacent, it is also 
in part at least a cerebellar connection. Its position suggests its name, super- 
ficial ventro-lateral fasciculus (Gowers’ tract). This tract at present does hot 
include as great an area in transverse section as when originally described. The 
more internal portion of the original Gowers’ tract is now given a separate signifi- 
cance, and will be considered separately. While the exact location in the grey 
column of all the cell-bodies giving origin to the superficial antero-lateral fasciculus 
is uncertain, it is known that certain ventral horn cells contribute their axones to it. 
Many of its cells of origin are scattered in the area immediately ventral to the 
nucleus dorsalis, others in the intermediate and mesial portion of the lateral group 
of ventral horn cells. In the lumbar region these cells are quite numerous, and, 
therefore, the fasciculus begins at a lower level in the spinal cord than does the 
direct cerebellar tract. In degenerations it becomes visible in the upper segments 
of the lumbar region, and has been proved to increase notably in volume as the 
cord is ascended. Its axones arise for the most part directly from cell-bodies of 
the same side of the cord, though it has been shown by several investigators that 
some of its axones come from the grey substance of the opposite side by way of 
the ventral white commissure. "Terminal twigs and collaterals of the posterior root- 
fibres, mostly of the same side, but occasionally from the opposite side, terminate 
about its cells of origin. At one time Gowers’ tract was copejNered an entity, but 
now, even in the more limited area it occupies, it must b ns)Mered a mixture of 
axones of several terminal destinations or distinct neur ANLE The destina- 
tion of some of its axones has not been determined wr\®¢ertainty. A portion go 
to the cerebellum, and there have been traced to th&eNrtex of the superior vermis. 
Most of these reach the cerebellum not by way restiform body, as does the 
lateral cerebello-spinal tract, but pass on in thgs\Nyn-stem to the level of the infer- 
ior corpora quadrigemina, and there turn p NO join the brachium conjunctivum 
or superior cerebellar peduncle. Jus E Mott, Hoche. Only a few of its 
axones leave the fasciculus lower EN he medulla, to enter the cerebellum 
by way of the restiform body, in coy with the lateral cerebello-spinal tract. 
(Rossolimo, Tschermak.) Anothex pWftion of its axones are thought to reach 
the cerebrum, probably the ue entiformis, though it has not been positively 


traced further than the superi rpora quadrigemina. Many axones in Gowers' 
tract of the cord corresp '9 «hose of the fasciculi proprii, and merely run 
varying distances in the -to turn again into its grey substance. Schaeffer 
ne lumbar region up to the level of the second cervical 


followed some of (G 
nerve. 

In the ventral bor@@t of Gowers’ tract and immediately upon the periphery, 
near the anteri Corral sulcus (exit of ventral nerve-roots), there is found in the 
higher segmen he cord a small oval bundle, the olivary fasciculus or Helweg’s 
(Bechterew' dle. The functional direction of its fibres has not been settled. 
It is as NS be a connection of the olive in the medulla oblongata, and in the 
cord NN ved to be connected with the cells of the ventral column of grey sub- 
stanca, probably those of the lateral horn. By some observers it has been traced as 
f m as the mid-thoracic region; by others, however, only as far as the third 

apii segment. The olives being nuclei largely concerned with cerebellar con- 
Oyetions, Helweg’s fasciculus is probably an indirect cerebellar connection with the 
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spinal-cord neurones. It is composed of fibres of relatively very small diameter, and 
it is one of the last fasciculi of the cord to become medullated. 

Situated between the superficial ventro-lateral cerebello-spinal fasciculus and the 
lateral fasciculus proprius is an area which, in transverse section, by position, may 
be referred to as the intermediate fasciculus (mixed lateral zone). It contains a 
mixture of at least four varieties of axones:—(1) It is said to contain descending 
fibres from the cerebellum, to connect with the neurones of the spinal cord, prob- 
ably the ventral root or motor neurones; (2) fibres from the red nucleus of the 
tegmentum (in the mesencephalon), which probably form indirect cerebellar connec- 
tions with the spinal-cord neurones; (3) fibres from Deiters’ nucleus or the nucleus 
lateralis of the vestibular nerve, in the upper portion of the medulla oblongata, thus 
connecting the spinal-cord neurones with the auditory apparatus; (4) the most 
lateral portion of the intermediate fasciculus, the region at one time included in 
Gowers’ tract, contains fibres from the corpora quadrigemina and the thalamus, 
thus probably connecting the spinal cord with the optic apparatus as well as with 
the auditory. These fibres are thought to terminate chiefly in contact with the 
neurones of the fasciculi proprii, but to some extent directly with those giving origin 
to the ventral'or motor nerve-roots. A portion of the intermediate fasciculus has’ 
been designated as Loewenthal's tract. 

The anterior funiculus or column.—The intermediate fasciculus is continued 
ventrally and mesially across the line of exit of the ventral root axones, and thus into 
the anterior funiculus. This portion is also mixed, but its axones of long course 
connect somewhat different portions of the nerve axis from those connected by the 
more lateral portion. According to the studies of Flechsig, von Bechterew, and 
Held, this mesial portion contains fibres, both ascending and descending, which con- 
nect the various levels of the grey substance of the spinal cord with the reticular 
formation of the medulla oblongata. The levels to which they have been traced 
contain the olivary nuclei, which are largely concerned in cerebellar connections, 
and the nuclei of the tenth, ninth, eighth, seventh, and the spinal tract of the fifth 
cranial nerves. Also they are probably associated with the nuclei of the eye-moving 
nerves. This portion of the intermediate fasciculus also grades into and is mixed 
with the axones of the ventral fasciculus proprius, as is its lateral portion with 
the lateral fasciculus proprius. In other words, the fasciculi proprii proper, the 
axones nearest the grey substance, serve for the intersegmental assdciation of the 
different levels of the grey substance of the cord, while the inte te fasciculus 
contains axones of longer course which serve to associate more t'levels of the 
grey substance of the nerve axis—that of the spinal cord wit pward continua- 
tion into the brain-stem. 

The anterior marginal fasciculus (vestibulo-spinal t, Loewenthal's tract) 
forms the superficial boundary of the mesial portion oh hw intermediate fasciculus. 
It is a narrow band, parallel with the surface of ER aa extends mesially from 


the mesial extremity of Gowers’ tract (from He sundle) to the beginning of 
the anterior median fissure. The axones beloggi S P proper are descending from 
the recipient nuclei of the vestibular division e auditory nerve. Of these nuclei 
it has been held by some investigators that Deiters’ nucleus (in the upper ex- 
tremity of the medulla oblongata) giveyrigin to the axones of the anterior mar- 
ginal fasciculus. Others agree with T ak that the superior and more laterally 
situated Bechterew’s nucleus of th ular nerve also contributes axones to it. 
More recent investigations haves that, in part at least, the anterior marginal 
fasciculus comes from the wey hstigli (r oof nucleus) of the cerebellum. Since 
many axones from both D nd Bechterew’s nucleus terminate in the nucleus 
fastigii, the anterior margi asciculus is, in any case, a conduction path from the 
vestibular portion of the,auditory apparatus to the grey substance of the spinal 
cord. The fasciculus d to extend as far as the sacral region of the cord, its 
axones terminating: ; the cells of the ventral horns. 

The ventr N ro- Oaa fasciculus (anterior or direct pyramidal tract), 
as stated ab ANS he uncrossed portion of the descending cerebro-spinal system of 
neurones. a small, oblong bundle, situated mesially in the anterior funiculus, 
parallel wjth the anterior median fissure. Like the lateral cerebro-spinal fasciculus 
NY midal tract), its axones arise from the large pyramidal cells of the motor 
Or S etie area of the cerebral cortex, and transmit their impulses to the neu- 
ron the ventral horns of the grey substance of the spinal cord, and almost 
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entirely to those neurones which give origin to the ventral or motor roots. It repre- 
sents merely a delayed decussation of the pyramidal fibres, for instead of crossing 
to the opposite side in the lower portion of the medulla oblongata, as do the fibres 
of the lateral fasciculus, its fibres decussate all along its course, crossing in the ven- 
tral white commissure and in the commissural bundle of the cord to terminate about 
the ventral horn cells of the opposite side. Hoche, employing Marchi’s method, 
found that a few of its fibres terminate in the ventral horn of the same side. This 
conforms to the pathological and experimental evidence that there are homolateral 
or uncrossed fibres in the crossed pyramidal tracts also. Like the crossed tract, the 
ventral pyramidal tract diminishes rapidly in volume as it descends the cord. Its 
loss is greatest in the cervical enlargement, and it is entirely exhausted in the 
thoracic cord. With the exception of the monkey, none of the mammalia below 
man, which have been investigated, possess this ventral pyramidal tract. 

Lying between the ventral cerebro-spinal fasciculus and the pia mater of the ante- 
rior median fissure is a thin tract of descending axones continuous ventrally with the 
anterior marginal fasciculus. From its position it is known as the sulco-marginal 
fasciculus. The extent of its course in the spinal cord is uncertain. It arises from 
the cells of the grey substance of the superior pair of the corpora quadrigemina, and 
there, in largest part at least, it crosses the mid-line, and in the so-called ‘optic 
acoustic reflex path’ descends through the medulla oblongata into the spinal cord of 
the opposite side. 

The commissural bundle is situated about the floor of the anterior median fis- 
sure, and is the most dorsal tract of the anterior funiculus. It contains decussating 
or commissural axones of three varieties:—(1) It contains the decussating axones 
of the ventral cerebro-spinal fasciculus throughout the extent of that fascicu- 
lus; (2) it is chiefly composed of the axones of the ventral fasciculus pro- 
prius which arise in the grey substance (ventral horn) of one side, cross the 
mid-line as commissural fibres, and course both upwards and downwards to be dis- 
tributed to the neurones of different levels of the grey substance of the opposite side; 
(3) it contains decussating axones which arise from cell-bodies in the grey substance 
of one side and cross the mid-line to terminate about cell-bodies in practically the 
same level of the opposite side. The latter are merely axones belonging to the ven- 
tral white commissure which course without the confines of the grey figure. The 
commissural bundle is present throughout the length of theyspinal cord, and is 
largest in the enlargements, i. e., where the association a missural neurones 
occur in greater number generally. In its two last-menf d Narieties of axones 
it corresponds to the commissural portion of the dors: iculus proprius. 

The ventral fasciculus proprius is but a continyA( Wn of the lateral fasciculus 
proprius, and is composed of ascending and decies jng association fibres of the 


same general significance. 


SUMMARY OF E SPINAL CORD 


ral classes of axones arranged into three gen- 
ch—(1) enter it from cell-bodies situated out- 
l ganglia and in the encephalon, and (2) axones 
which arise from cell-bodiéq ated within its own grey substance, some of which 
axones pass outside its Fe, laries both to the periphery and into the encephalon; 
some of which remaiff way within it. Its axones comprise—(1) a cerebro-spinal 
system, ascending al escending; (2) a cerebello-spinal system, ascending and 
descending, ands Ta system for the intersegmental association of its grey sub- 
stance, both as g and descending, association proper and commissural. 

For these KY vns the grey substance of the cord contains three general classes 


The spinal cord contains two g 
eral systems. It contains axon 
side its boundaries, i. e., in (h 


of nerve-eNIN- S (1) those which give rise to the peripheral efferent or motor axones 
of the N roots; (2) those which give rise to central axones of long course, those 


going,toWNe encephalon, and (3) those which supply its central axones of shorter 
qud the association and commissural systems. 
ansverse sections of the spinal cord the relative area of white substance as 


e ared with that of the grey increases as the cord is ascended. The absolute area 
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Fig. 572.—ScuHEMATIC REPRESENTATION OF THE MORE Important ARCHITECTURAL RELATIONS 
OF NEURONES IN THE SPINAL Corp. 

a, afferent (spinal ganglion) axone to cerebrum with bifurcation and caudad branch; b, afferent 
axone coursing in Lissauer's zone and distributed wholly within the cord; c collaterals of 
a and b disposed in three ways; p, pyramidal axone in lateral (crossed) cerebro-spinal fas- 
ciculus distributed to levels of grey substance; pa, axone in ventral cerebro-spinal fasciculus 
decussating before termination; v, ventral root or motor neurones; n, nucleus dorsalis giv- 
ing axone to cerebello-spinal fasciculus; g, ascending neurones of Gowers’ tract; d, descend- 
ing axone from cerebellum; fp, neurones of fasciculi proprii association proper; h, commis- 
sural neurones; e, Golgi cell of type II. cup" 


! 
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of each varies with the locality, both being greatest in the enlargements. The grey 
substance predominates in the conus medullaris and lower lumbar segments. The 
white substance begins to predominate in the upper lumbar segments, not because of 
the increased presence of cerebro- and cerebello-spinal axones, but because of the 
increased volume of the fasciculi proprii coincident with the greater mass of grey 
substance to be intersegmentally associated in this region. In the thoracic region the 


Fic. 573.—Grapuic REPRESENTATION OF THE VARYING AMOUNTS OF GREY AND WHITE SUB- 
STANCE AND OF THE VARIATIONS IN AREA OF ENTIRE SECTIONS OF THE DIFFERENT SEGMENTS 
OF THE SPINAL Corp. (From Donaldson and Davis.) 


(Based upon measurements from several adult human spinal cords.) 


Curves showing area of cross seclion of human spinal cord. 
visere ta White matter. Eee DIA malter. — Entire section. 
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predominating white substance is composed mostly of the axones of long course. The 
greatly increased amount of white substance in the cervical region is due both to the 
greater accumulation of cerebro- and cerebello-spinal axones in this region and to 
the increased volume of the fasciculi proprii of the cervical enlargement. 


3 THE CORD 


elin sheaths during the 
1M: have the same origin and 
acquire their sheaths at the 
ary sheath does not necessarily 
hat those fasciculi which first at- 
hé first to become medullated. At 
e medullated except Helweg's fasciculus, 


ORDER OF MEDULLATION OF THE FASCIC 


The axones of the spinal cord begin to acquire th 
fifth month of intra-uterine life. In general, axones 
the same locality of termination—the same fune 
same time. While it has been proved that the n 
precede the functioning of an axone, it may | 
tain complete and definite functional abiljty 
birth all the fasciculi of the spinal cord 
and occasionally the pyramidal tracts ; indicated by their medullation, those 
axones by which the cord is P, function as an organ per se, that 1s, the 
axones making possible the ml eflex activities, complete their development 


before those axones which involy e brain with the activities of the cord. 
According to Flechsig : iehuchten, and investigators succeeding them, 


the following is the BEEN qe the axones of the cord become medullated:— 
(1) The afferent an ui nerve-roots and commissural fibres of the grey sub- 
stance. 


(2) The ee oroprii, first the ventral, then the lateral, and last the dorsal, 


fasciculus proprit 

(3) The ma? cuneatus (Burdach’s column) and Lissauer’s zone—the area 
of those : ANN oo spinal fibres which run the shorter course. 

i F AN 1S ae is (Goll’s column). 

rebello-spinal fasciculus (direct cerebellar tract). 
ue hé superficial antero-lateral fasciculus (Gowers' tract). 
he jatera cerebro-spinal fasciculus (crossed pyramidal) and the ventral 

er -Spinal fasciculus (direct pyramidal tract). 

(8) Helweg’s (Bechterew’s) fasciculus. 
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The axones descending from the cerebellum and the brain-stem are so mixed with 
other axones that it is difficult to determine the sequence of their medullation. The 
fasciculi containing them also contain axones of the variety in the fasciculi proprii 
and so show medullation early. It is probable that the ascending cerebellar fibres 
acquire their myelin earlier than the descending. 


Broop SUPPLY OF THE SPINAL Corp. 


The spinal rami of the sacral, lumbar, intercostal, or vertebral arteries, as the case may be, 
accompany the spinal nerves through the intervertebral foramina, traverse the dura mater and 
arachnoid, and each divides into a dorsal and a ventral radicular artery. These accompany the 
nervé-roots to the surface of the cord, and there break up into an anastomosing plexus in the pia 
mater. From this plexus are derived three tortuously coursing longitudinal arteries and numer- 
ous independent central branches, which latter penetrate the cord direct. Of the longitudinal 
arteries, the anterior spinal artery zigzags along the anterior median fissure and gives off the 
anterior central branches, which pass into the fissure and penetrate the cord. These branches 
give off a few twigs to the white substance in passing, but their most partial distribution is to 
the ventral portion of the grey substance. The two posterior spinal arteries, one on each side, 
course along the lines of entrance of the dorsal root-fibres. ‘They each branch and anastomose, 


Fra. 574.—SEMI-DIAGRAMMATIC REPRESENTATION OF THE BLOOD SUPPLY OF THE SPINAL CORD. 
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so that often two or more posterior arteries may a r in section upon either side of the dorsal 
root. These give off transverse or central twigs Me white substance, but especially to the 
grey substance of the dorsal horns. Of the zema#fing central branches many enter the cord 
along the efferent fibres of the ventral roots, are distributed chiefly to the grey substance; 
others from the peripheral plexus througy@ “penetrate the cord and break up into capillaries 
within the white substance. Some of tl jnal twigs of these also enter the grey substance. 


The blood supply of the grev subst: € $o*fnuch more abundant than that of the white sub- 
stance that in injected preparation N outline of the grey figure may be easily distinguished 
by its abundance of capillaries 3 LG) The central branches are of the terminal variety, that 
is, their capillaries do not angftogWe*e with those of other branches. In the white substance 


the capillaries run for the mo! t longitudinally, or parallel with the axones. 
similar to the arterial. The blood of the central arteries is col- 


The venous system is qyàte 
lected into ieee oe tral venous branches which converge into a superficial venous 


plexus in which are sixat longitudinal channels, one along the posterior median sulcus, one 
along the anterior 1 Q fissure, and one along each of the four lines of the nerve-roots. 
These comprise the $oNal and ventral external spinal veins. 

The intern idal veins course along the ventral surface of the grey commissure, and arise 
from the conv NY 'e of certain of the twigs of the anterior central vein. The posterior central 
vein courses alo the posterior median septum in company with the posterior central artery, and 
empties i the median dorsal vein. The venous system communicates with the coarser 
extra-¢ ONinternal vertebral plexus chiefly by way of the radicular veins. 
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THE BRAIN OR ENCEPHALON 


The brain is that greatly modified and enlarged portion of the central nervous 
system which is enclosed within the cranial cavity. It is surrounded and supported | 
by the same three membranes (meninges) that envelope the spinal cord. While there 
is a considerable subdural space, the brain more nearly fills its cavity than does the 
spinal cord. Exclusive of its dura mater, it weighs from 1100 to 1700 gm. (40-60 
02.), varying in weight with the stature of the individual or with the bulk of the tis- 
sues to be innervated. Its average weight is 1360 gm. (48 oz.) in males and 1250 gm. 
(44 oz.) in females. It averages about fifty times heavier than the spinal cord, or 
about 98 per cent. of the entire cerebro-spinal axis. In its precocious growth it is at 
birth relatively much larger than at maturity. At birth it comprises about 12 per 
cent. of the total body-weight, while at maturity it averages only about 2 per cent. 
of the weight of the body. Its proportion to the body-weight averages somewhat 
higher in smaller individuals. Its specific gravity averages 1.036. 


Fic. 575.—MzsiAL SECTION OF THE HEAD OF A FEMALE THIRTY-FIVE YEARS OLD. 
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The differences between the menin the brain and those of the spinal cord occur chiefly 
in the dura mater. (1) The dura ma t bout double the thickness of that of the spinal cord, 
and consists of two closely adherir s, the outermost of which serves as the internal peri- 
osteum of the cranial bones. fner layer is duplicated in places into strong partitions 
which extend between the gres Ural divisions of the encephalon. Of these, the sickle-shaped 
falx cerebri extends between emispheres of the cerebrum, the crescentie tentorium cerebelli 
extends between the cer@ell and the overlapping posterior portion of the cerebrum, and the 
smaller fala cerebelli occujesRhe notch between the hemispheres of the cerebellum. Contained 
within these partitions, of the dura mater are the great collecting venous sinuses of the brain. 
These will be oN in the more detailed description of the cranial meninges. 


General raphy.—In its dorsal aspect or convex surface the encephalon 
is oval it SN w, with its frontal pole usually narrower than its occipital pole. 
Viewed. above, the cerebrum comprises almost the entire dorsal aspect, the 

a 


es overlapping the cerebellum to such an extent that only the lateral 


occip 

and dgWer margins of the cerebellar hemispheres are visible. The great longitu- 
sure of the cerebrum, separating the cerebral hemispheres, begins on the 

of fal surface of the occipital lobes and extends anteriorly and ventrally between 


frontal lobes, so as to be evident on the base of the brain. 
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Laterally the temporal lobes, with their rounded anterior extremities, the tem- 
poral poles, are each separated from the frontal and parietal lobes above by the 
lateral cereoral fissure (fissure of Sylvius). Inthe depths of this fissure and over- 
lapped by the temporal lobe is situated the insula, or island of Reil (central lobe). 

The surface of each cerebral hemispliere is thrown into numerous folds or curved 
elevations, the gyri cerebri or convolutions, which are separated from each other by 
slit-like fissures, the sulci cerebri. The gyri (and sulci) vary greatly in length and 
in their degrees of curvature. The larger and deeper of them are similar in the two 
hemispheres; most of them are individually variable, but each gyrus of one hemi- 
sphere is homologous with that of the like region of the other hemisphere. By gently 
pressing open the great longitudinal fissure, the corpus callosum, the chief com- 
missural pathway between the cerebral hemispheres, may be seen. The occipital 
margin of this large transverse band of white substance is rounded and thickened 
into the splenium ‘of the corpus callosum, while its frontal margin is curved ventrally 
into the genu. 

The base of the encephalon is more irregular than the convex surface, and con- 
sists of a greater variety of structures. In the mid-line between the frontal lobes 
appears the anterior and inferior extension of the great longitudinal fissure. When 
the margins of this are separated, the outer aspect of the rostrum of the corpus 
callosum, the downward continuation of the curve of the genu, is exposed. 

The inferior surface of each frontal lobe is concave, due to its compression upon 
the superior wall of the orbit. The orbital gyri with their respective orbital sulci 
occupy this concave area. 

The cranial nerves (nervi cerebrales).—Along the mesial border of each orbital 
area, and parallel with the great longitudinal fissure, lie the olfactory bulbs con- 
tinued into the olfactory tracts. Each olfactory bulb is the first central connec- 
tion or ‘nucleus of reception’ of the olfactory nerve, the first of the twelve cranial 
nerves. A few fine filaments of this nerve may often be discerned penetrating the 
ventral surface of the bulb. They are non-medullated. The olfactory bulb and tract 
lies in the olfactory sulcus, which forms the lateral boundary of the gyrus rectus, the 
most mesial gyrus of the inferior surface of the frontal lobe. Upon reaching the 
area of Broca (area. parolfactoria), or the region about the inner extremity o the 
gyrus rectus, each olfactory tract undergoes a slight expansion, the olfactory tuber- 
cle, and then divides into three roots or olfactory strie—a RENTA a M mediate, 
and a lateral, which comprise the olfactory trigone. The strie W iheir respec- 
tive courses upon the anterior perforated substance, an A contains 
numerous small foramina through which the antero-lateral g bi central cerebral 
arteries enters the brain. This region forms the anterior ex ary of that area of 
the basis encephali in which the substance of the MCN ymes continuous across 
the mid-line. 

At the inner boundary of the anterior perfor O bstance the optic nerves 
(the second pair of cranial nerves) come together to form the optic chiasma. 
Thence the optic tracts disappear under the p@es ne temporal lobes in their back- 
ward course to the thalami and corpora genic j or metathalami. 

Immediately behind the optie chiasma irs that diverticulum from the floor 
of the third ventricle known as the tubeypPinereum. It is connected by its tubular 
stalk, the infundibulum, with the h ysis or pituitary body, which occupies 
its special depression (sella ree floor of the cranium and is usually torn 
from the encephalon in the pro«Qà its removal. Behind the tuber cinereum are 
the two mammillary bodies ora albicantia), each of which is the superficial 
evidence of the fornix, one larger association fasciculi of the cerebrum. The 
peduncles of the cerebru ura cerebri) are the two great funiculi which connect 
the cerebral hemispheyeygyith all the structures below them. They diverge from the 
anterior border of th (Varolii) and, one for each hemisphere, disappear under 
the poles of the tep lobes. The pons (brachium pontis or middle cerebellar 
peduncle) is chje rie of white substance or commissure between the cerebellar 


hemispheres WS 
The oct or or third pair of cranial nerves make their exit from the poste- 
rior perf substance in the interpeduncular fossa just behind the corpora 


mamn à 
4 Som eee nerves, or the fourth pair, emerge around the lateral aspects of 
unculi cerebri along the anterior border of the pons. The fourth is the 
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smallest of the cranial nerves, and the only pair arising from the dorsal aspect of 
the brain. They undergo total decussation in the region of their exit, Just behind 
the posterior quadrigeminate bodies. 

The trigeminus, or fifth cranial nerve, is the largest. It penetrates the pons to 
find its recipient nuclei in the depths of the brain-stem. For the most part it is a 
sensory nerve, but it is accompanied by a small motor root (portio minor). 

Three pairs of cranial nerves are attached to the brain-stem along the inferior 
border of the pons:—the abducens or sixth nerve emerges near the mid-line; the 
facial or seventh emerges from the more lateral aspect of the brain-stem ; and the 
acoustic or eighth enters the extreme lateral aspect of the stem. The eighth con- 
sists of two parts, a vestibular and a cochlear division. The cochlear division courses 
for the most part externally and dorsally around the inferior cerebellar peduncle, 
giving it the appearance from which it derives its name, ‘ restiform body.’ 


Fig. 576.—VIEW or THE BASE oF THE BnarN. (After Beaunis.) 
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The remaining four Ņ of the cranial nerves are attached directly to the 
medulla oblongata. comprises that portion of the brain-stem beginning at 
the posterior border 1e pons above, and continuous with the first segment of 
the spinal cord Peay’: On its ventral surface the pyramids and the olives are 
the two most ment structures. The pyramids, which are continuous below 
ide the PYTA il tracts of the spinal cord, form the two tapering prominences 
SMie of the anterior median fissure; the olives are the oblong oval 
ated between the pyramids and the restiform bodies, and each is 
WNial indication of the inferior olivary nucleus. 
glosso-pharyngeal or ninth nerve, the vagus (pneumogastric) or tenth, and 

t al accessory or eleventh cranial nerve are attached along the lateral aspect 
medulla oblongata in line with the facial nerve and between the olive and the 
XT restiforme. The spinal accessory is assembled from a series of rootlets which 


ye 


Ww ee 


| 
| 
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emerge from the lateral aspect of the first three or four cervical segments of the 
spinal cord, as well as from the medulla. It becomes fully formed before reaching 
the level of the olive, and passes outwards in company w ith the vagus. The root 
filaments of the vagus and glosso-pharyngeal are arranged in a continuous series, 
and, if severed near the surface of the medulla, those belonging to the one nerve 
are difficult to distinguish from those belonging to the other. 

The hypoglossal or the twelfth and last of the cranial nerves emer ges as a series 
of rootlets between the pyramid and the olive. Thus it arises nearer the mid-line, 
and in line with the abducens, trochlear, and oculomotor. 

If the occipital lobes be lifted from the superior surface of the cerebellum and the 
tentorium cerebelli removed, the corpora quadrigemina (mesencephalon) may be 
observed. ‘These are situated above the cerebral peduncles, in the region of the ven- 
tral appearance of the oculomotor and trochlear nerves. Resting upon the supe- 
rior pair of the quadrigeminate bodies (colliculi superiores) is the epiphysis or pineal 
body, and just anterior to this is the cavity of the third ventricle, bounded laterally 
by the thalami and roofed over by the tela chorioidea of the third ventricle (velum 
interpositum). 

By separating the inferior margin of the cerebellum from the dorsal surface of the 
medulla oblongata the lower portion of the fourth ventricle (rhomboid fossa) may 
be seen. The cisterna cerebello-medullaris, a subardchnoid space in this region, 
is occupied in part by a thickening of the arachnoid. This is continuous with the 
tela chorioidea (ligula) and plexus chorioidea of the fourth ventricle. The former 
roofs over the lower portion of the fourth ventricle, and, passing through it in the 
medial line, is the lymph passage, the foramen of Magendie, by w hich the cav ity 
of the fourth ventricle communicates with the subarachnoid space. The fourth 
ventricle, as it becomes continuous with the central canal of the spinal cord, ter- 
minates in a point, the calamus scriptorius. From the inferior surface the cere- 
bellar hemispheres are more definitely demarcated, and between them is the vermis. 
or central lobe of the cerebellum. 


Divisions of the encephalon.—The encephalon as a whole is developed from a 
series of expansions, flexures, and thickenings of the wall of the anterior portion of 
the primitive neural tube. Being continuous with the spinal cord, it is arbitrarily 
considered as beginning just below the level of the decussation of the\pyramids, or 
at a line drawn transversely between the decussation of the pyra Qs and the level 
of the first pair of cervical nerves. C 

In its general conformation four natural divisions of the br, 
two most "enlarged portions—(1) the cerebral hemispheres 
(3) the corpora quadrigemina (mesencephalon) between th 
the cerebellum, and (4) the medulla oblongata, the port] 
cord. However, the most logical and advantage 
and subdivisions of the ene ephalon i is on the basis : 
of the embryonic brain vesicles. On this pu 
gata and the cerebellum with its pons are dergsQN, from the posterior of the primary 
vesicles, and are, therefore, included in a Pu qos division of the encephalon, viz., 
the rhombencephalon. In the following Qj the anatomical components of the 
encephalon are arranged with referenci 1e three primary vesicles from the walls 
of which they are derived, and th NON flexures and thickenings of the walls of 
which they are elaborations. 

During the early growth of 


e apparent: the 
2) the cerebellum; 
e :bral hemispheres and 

fntinuous with the spinal 
rangement of the divisions 
development from the walls 
“ample, both the medulla oblon- 


eural tube its basal or ventral portion acquires 
a greater thickness than th 41 portions and the roof of the tube, and thus the 
tube is longitudinally divid&AMto a basal or ventral zone and an alar or dorsal 
zone. This is Go ieee ce AEE in the brain vesicles. Structures arising from the 
dorsal zone begin as ed thickenings of the roof. For example, in the rhomb- 
encephalon the gr part of the medulla oblongata and of the pons region is 
derived from thég&nal zone, while the cerebellum is derived from the dors sal zone. 
The first of Nes occurs in the region of the future mesencephalon, and is 
known as iho halic flexure; next occurs the cervical flexure, at the junction 
with the SM cord; third, the pontine flexure, in the region of the future fourth 
NC th the cervical and pontine flexures, while having a significance in the 
STOW Processes, are almost entirely obliterated in the later growth of the 
eng lon. 
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Fic. 577.—MEpntiAN SAGITTAL SECTION THROUGH EMBRYONIC HuMAN BRAIN AT END or FIRST 
Monts. (After His.) 
(Showing the localities of origin of the derivatives of the three primary vesicles named in outline 
on p. 780.) 
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Fig. 578.—SAarrrAL SECTION OF BRAIN or HUMAN EMBRYO or THE THIRD Montu. (After His.) 


(Reference numerals correspond with those of fig. 577 and those after names of parts in outline 
on p. 780.) 
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The location of the development of the various parts of the encephalon may be 
determined, and their elaboration and changes in shape and position may be traced 
by comparing the accompanying figs. 577, 578, and 579. The reference numbers in 


Fia. 579.—MeEpIAN SAGITTAL SECTION OF ADULT Human Brain. (Drawing of model by His.) 
(Reference numerals same as in figs. 577 and 578.) 
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the figures correspond with the like numbers after the names of the parts on p. 780 
in the outline of the divisions of the encephalon. The more detailed subdivisions 
of the parts will be met with in their individual descriptions. 


© 
© 
THE RHOMBENCEPIQEON 


THE MEDULLA ox 
myn 


The medulla oblongata is the upwa uation of the spinal cord. It is 
only about 25 mm. long, extending frog, jWabove the first cervical nerve (begin- 
ning of the first cervical segment of the {yal cord) to the inferior border of the pons. 
It lies almost wholly within the crani Javity, resting upon the superior surface of 
the basal portion of the occi pta ane, with its lower extremity in the foramen 
magnum. Its weight is from v gm. or about one-half of one per cent. of the 
whole cerebro-spinal axis. Ita ntinuation of the spinal cord and more—it con- 
tains structures continuou NS and homologous to the structures of the spinal cord, 
and in addition it contai N ietures which have no homologues in the spinal cord. 
Due in part to thes onal structures, the medulla, as it approaches the pons, 
rapidly expands in Y its dorso-ventral and especially in its lateral diameters. 
With it are node seven of the twelve pairs of cranial nerves. 


On its anteri ventral aspect the anterior median fissure of the spinal cord | 
becomes broaderyand deeper because of the great height attained by the pyramids. 
At the leve(aWN Which the pyramids emerge from the pons, the region in which they 
are largqNWNe fissure terminates in a triangular recess so deep as to merit the name 
foram cum. The pyramids are the great descending cerebral or motor funi- 
culi. \ In the medulla oblongata they decrease in bulk in passing towards the spinal 
r the reason that many of the pyramidal axones are contributed to struc- 
f the medulla. At the lower end of the medulla occurs the decussation of 


t 
Cyne pyramids, by which the anterior median fissure is almost obliterated for about 


.AQ 
wl 
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6 mm., and which, upon removal of the pia mater, may be easily observed as bundles 
of fibres interdigitating obliquely across the mid-line. Not all the pyramidal fibres 
cross to the opposite side at this level in man, but a portion of those coursing in the 
lateral periphery of the medulla maintain their ventro-mesial position and continue 
directly into the spinal cord, to form there the ventral cerebro-spinal fasciculus or 
direct pyramidal tract. How ever, most of such fibres finally cross the mid-line 
during their course in the spinal cord. The exact proportion of the direct fibres is 
variable, but always the greater mass of each pyramid crosses to the opposite side 
at the level of the decussation of the pyramids, and descends the cord as the lateral 


Fig. 580.—SEMI-DIAGRAMMATIC REPRESENTATION OF THE VENTRAL ASPECT OF THE RHOMBEN- 
CEPHALON AND ADJACENT PORTIONS OF THE CEREBRUM. (Modified from Quain.) 
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cerebro-spinal fasi crossed pyramidal tract. Both of these pyramidal traets 
are described in the ssion of the fasciculi of the cord. 

Each pyramid, € lounded laterally by the antero-lateral sulcus, also contin- 
uous with th: same name in the spinal cord. Towards the pons this suleus 
separates t SS nid from the olive (inferior olivary nucleus), and in the region of 
the olive NEN merge along this suleus the root filaments of the hypoglossal nerve. 
in line with the filaments of the ventral roots of the spinal nerves. The 
eir name implies, are oblong oval eminences about 1'2 em. in length. 


olive | 
i to the border of the pons, and are somewhat thicker at their upper ends. 


TICNsurfaces are usually smooth, except at their lower ends, where they frequently 
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appear ribbed, owing to bundles of the external arcuate fibres passing across them 
to and from the restiform body, which occupies the extreme lateral portion of the 
medulla. Along the line between the restiform body and the olives are attached 
the root filaments of the vagus, glosso-pharyngeal, and spinal accessory nerves. Both 
the abducens and the facial nerve emerge along the border of the pons, the facial in 
line with the glosso-pharyngeal, but the abducens in line with the hypoglossus. 
Dorsal aspect.—The increased lateral diameter of the medulla oblongata is 
contributed to a great extent by the restiform bodies. These are the inferior cere- 
bellar peduncles, and contain the majority of both the ascending and the descend- 
ing fibres, which connect the cerebellum with the structures below it. In toto, the 
restiform bodies are much larger than could be formed by the combined cerebellar 


Fig. 581.—DIAGRAM SHOWING THE DECUSSATION OF THE PYRAMIDS. 
The uppermost level represented is near the inferior border of the pons. 
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fasciculi of the spina "Quies great size being due to their receiving numerous 
axones coursing in b lirections, which connect the cerebellum w ith. structures 
contained in the 1 NT a oblongata alone, so that in the medulla they increase as 
they approach t rebellum. Their nami (restiform meaning rope-like) was sug- 
gested from tl pearance frequently given them by the fibres of the cochlear 
(acoustic) edi n of the eighth er: anial nerve, which course around their lateral 
peri PRN, come the striæ medullares acustici in the floor of the fourth ventricle. 
N oval of the cerebellum it may be seen that below the calamus scrip- 
G 1 ME terminus of the fourth ventricle) the structures manifest in the dor- 
ce of the medulla are directly continuous with those of the spinal cord. The 

XQ. is gracilis (Goll’s column) of the spinal cord acquires a greater height and 
eic and becomes the funiculus gracilis of the medulla, and because of this 
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increased height the posterior median sulcus of the cord becomes deepened into the 
posterior median fissure. The posterior intermediate sulcus is also accentuated 
| by Burdach's column, likewise enlarged into the funiculus cuneatus of the medulla. 
| The lateral funieulus of the medulla, of course, does not contain the lateral or crossed 
pyramidal tract present in the spinal cord. 
At the border of the calamus scriptorius the funiculus gracilis terminates in a slight | 
elevation, the clava, which is the superficial indication of the nucleus funiculi gracilis. 


Fia. 582.—DonsaAL AsPECT OF MEDULLA OBLONGATA AND MESENCEPHALON, SHOWING THE FLOOR 
OF THE FOURTH VENTRICLE (RHOMBOID Fossa). (Modified from Spalteholz.) 
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Beginning so NN t more anteriorly, and having a somewhat greater length, is a 
similar ein ht of the funieulus cuneatus, the tuberculum cuneatum or 
nucleus fugpicMli cuneati. These nuclei are the groups of nerve cell-bodies about 
which, t, scending or sensory axones of the respective funiculi terminate or are 
interru} fn their course to the structures of the encephalon. These cell-bodies 
in t#wr turn give off axones which immediately cross the mid-line and assume a 

'entral position, contributing largely to the lemniscus or fillet of the opposite 
50 à 
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side, and thus such axones are the encephalic continuation of the central sensory 
pathway conveying impulses from the periphery of one side of the body to the 
opposite side of the cerebrum. The crossing of these axones is known as the decus- 
sation of the lemniscv. 

With the termination of the dorsal funiculi and the ventral course of the fibres of 
the lemnisci in their decussation, the central canal of the spinal cord loses its roof 
of nervous tissue in the medulla and comes to the surface as the fourth ventricle. 


Fia. 583.—DIAGRAM OF THE DECUSSATION OF THE LEMNISCI. 
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C nus to the floor of the central canal, 
is considerably widened into two 1 l recesses opposite the junction of the cere- 
bellar peduncles of either side, a veing pointed at both its superior and inferior 
extremities, it is rhomboidal iQ “and thus is the fossa rhomboidea. The pia 
mater of the spinal cord SNN ained across the tip of the calamus scriptorius to 


form the obex, à "ace semilunar lamina roofing over the immediate 
ca 


The floor of the fourth ventricle, whi 


opening of the central 


O THE PONS 


The pons KO is, for the most part, a great commissure or ‘bridge’ of white 
substance NN 1g about the ventral aspect of the brain-stem, and connecting the 
cerebell isphere of one side with that of the other. In addition it contains 


fibres pag both to and from the structures of the brain-stem and the grey sub- 
stanee\f the cerebellum. Each of its lateral halves forms the middle of the three 
ce ll3r peduncles, the brachium pontis. 


size it naturally varies directly with the development of the cerebellum, both 
given animal and relatively throughout the animal series. In man it attains its 
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greatest relative size, and possesses a mediam or basilar sulcus in which lies the 


basilar artery. Its sagittal dimension varies from 25 to 30 mm., while its trans- 
verse dimension (longitudinal with the course of its fibres) is somewhat greater. It is 
a rounded white prominence interposed between the cerebral peduncles (crura) above 
and the medulla oblongata below. Its inferior margin is rounded to form the in- 
ferior pontine sulcus, which, between the points of the emergence of the py ramids, 
is continuous with and transverse to the foramen cecum. Its superior margin is 
thicker and is rounded to form the superior pontine sulcus, which, between the 
cerebral peduncles, is continuous with and transverse to the interpeduncular fossa. 
It is bilaterally symmetrical. The ventro-lateral bulgings of its sides (and, therefore, 
the basilar sulcus) are produced by the passage through it of the fibres of the cerebral 
peduncles from above, to reappear as the pyramids below. Its ventral surface rests 
upon the basilar process of the occipital bone and the dorsum sell of the sphenoid, 
while its lateral surfaces are adjacent to the posterior parts of the petrous portions 
of the temporal bones. 

The fibres of the thicker superior portion of the brachium pontis course obliquely 
downwards to their entrance into the cerebellar hemisphere; those of the lower and 
mid-portions course more transversely, naturally converging upon approaching 
the cerebellum. Certain fibres of the upper mid-portion course at first transversely 
and then turn abruptly downwards across the fibres above them, to join the inferior 
portion of the brachium pontis. This bundle is termed the oblique fasciculus 
(fig. 580). The trigeminus or fifth cranial nerve penetrates the superior lateral por- 
tion of each brachium pontis near the point of the downward turn of the oblique 
fasciculus; its large afferent and its small efferent roots accompany each other quite 
closely. 

That portion of the rhombencephalon overlying the pons and forming the floor 
of the fourth ventricle is not a part of the pons at all. It is merely a continuation 
of the brain-stem from the medulla below to the structures above. Therefore on the 
dorsal surface there is no line of demarcation between the pons and medulla below 
or between the pons and isthmus above. The fibres of the trigeminus pass through 
the pontine fibres to and from their nuclei in the brain-stem. 


THE CEREBELLUM "S: 


The cerebellum or hind brain is the largest portion of the r ede em It 
lies in the posterior or cerebellar fossa of the cranium, a ind the pons and 
medulla oblongata, overhanging the latter. It fits underzf&e"occipital lobes of the 
cerebral hemispheres, from w hich it is separated by a s uplication of the inner 
layer of the dura mater, the tentorium cerebelli. PS atest diameter lies trans- 


versely, and its average weight, exclusive of the, nater, is about 140 gm., or 
about 10 per cent. of the entire encephalon. riés in development with the 
cerebrum, and, like it, averages larger in the Seale It is relatively larger in adults 
than in children. Its dev elopment begins ay ickening of the anterior portion of 
the roof (dorsal zone) of the posterior of ree primary brain vesicles. Resting 
upon the brain-stem, it roofs over th th ventricle and is connected with the 
structures anterior, below, and poste it by its three pairs of peduncles. 

The surface of the cerebellu Qj vn into numerous narrow folia or lamine, 
which in the given localities NN e or less parallel with each other. They are 
separated by narrow but rel24i leep sulci. Unlike the spinal cord and medulla, 
in which the grey substane& is gentrally placed and surrounded by a mantle of white 
substance, the surface of te”cerebellum is itself a cortex of grey substance, the 
cortical substance, oe a core of white substance, the medullary body. How- 
ever, within this ce Core of white substance are situated definite grey masses, 
the muclei of the llum. 

The gross ons of the cerebellum are three: the two larger lateral portions, 
the hemisp NSE between these the smaller central portion, the vermis. The 
DES Y Ween these gross divisions is not very evident from the dorsal sur- 


face, bec the hemispheres in their extraordinary development in man encroach 
upon Xy mis, and, being pressed under the overlapping cerebral hemispheres, 
theyWpecSme partially fused upon the vermis along the dorsal mid-line. Though 
dj tiated simultaneously with the cerebellar hemispheres i in the human foetus, 
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in most of the mammalia the vermis is the largest and most evident of the parts, 
and it is practically the only part which exists in the fishes, reptiles, and birds. In 
man, owing to the fact that the vermis does not keep pace in development with the 
hemispheres, there results a very decided notch between the two hemispheres along 
the line of the entire ventral and inferior aspect of the cerebellum, the floor of this 
notch being the surface of the vermis. The inferior portion of the notch is the 
posterior cerebellar notch (incisura marsupialis); its prolongation above is wider 
than below, and is termed the superior cerebellar notch. It is occupied by a fold 
of the dura mater, the falx cerebelli. With the variations in contour of the cere- 
bellum, certain of its sulci are broader and deeper, and merit the name fissures. 
These are more or less definitely placed, and subdivide the hemispheres into lobes 
and the vermis (the median lobe) into lobules. 

Dorsal surface.— The dorsal surface is bounded from the inferior and ventral 
surface by the horizontal fissure, coursing along the inferior borders of the cerebel- 
lar hemispheres. Between this and the extreme anterior border are two other fis- 
sures, the posterior and anterior semilunar fissures. These, like the horizontal 


Fic. 584.—Srecrion or Heap PassiNG THROUGH THE MASTOID PROCESSES OF THE TEMPORAL 
BONES AND BEHIND THE MEDULLA OBLONGATA. SHOWING THE POSITION OF THE CERE- 
BELLUM. 


(From a mounted specimen in the Anatomical Department of Trinity College, Dublin.) 
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fissure, may be traced, with 2 interruptions across the mid-line, and conse- 
quently mark off not only the (gf mispheres but also the vermis into correspond- 
ing divisions. NN 

The superior se Qay lobe (postero-superior lobe) of each hemisphere lies 
between the horizont he posterior semilunar fissures. It largely composes the 
inferior border ‘of the ¢ ellum, and, therefore, is the longest of the lobes. 

The remainit; rsal surface of the hemispheres, because of the frequently less 
complete devel nt of the anterior semilunar fissure, is sometimes referred to as 
lobe, with its posterior and its anterior portions. On the other 
y when the anterior semilunar fissure is well marked, this area may 


hand, esq N 
be EN o—(1) the posterior semilunar lobe, between the posterior and anterior 
semilanaMfissures, and (2) the anterior semilunar lobe, anterior to the anterior semi- 
lun; ssure. 
dorsal aspect of the vermis, the superior vermis, because of the fusion of 
e emispheres, is, for the most part, a slight ridge, the monticulus, instead of 


d 


depression. However, in the inferior portion of the dorsal surface the depression 
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| of the posterior notch begins, and here the horizontal and the posterior semilunar 
fissures approach each other so closely that the corresponding subdivision of the 
vermis is seldom more than a single folium, the folium vermis (cacuminis). 

The monticulus proper is divided into an inferior lobule, the clivus, and a superior 
lobule, the culmen. These appear as continuations across the mid-line of the pos- 
terior and anterior crescentic lobes of the hemispheres, and are separated by the 
corresponding fissures. 

At the extreme anterior part of the dorsal surface and in the bottom of the an- 
terior cerebellar notch lies a more definitely defined portion of the vermis. This 
is the central lobule (lobe). It is broadened laterally into two pointed wings, the 
ale of the central lobule, the folia of which, if present, are parallel with those of 
the anterior semilunar lobes. 

If the anterior margin of the central lobule be lifted, the lingula cerebelli (/in- 
gula vermis) wil appear. It is a thin, tongue-like anterior projection of the cor- 


Fig. 585.—MEDIAN SECTION THROUGH CEREBELLUM AND BnarN-sTEM. (Allen Thompson, 
y after Reichert.) 
1, culmen monticuli; 2, superior semilunar lobe; 3, inferior semilunar lobe; 4, slender lobe; 
5, biventral lobe; 6, tonsil. 
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r tical substance upon the anterior medu y velum, the roof of the superior portion 
of the fourth ventricle. S 
B Ventral surface.—The three r peduncles of each side join to form a : 


single mass of white NA ter the ventral aspect of each hemisphere at 
the inner and ventral extre (Cy the horizontal fissure. The ventral and inferior 
surface of the cerebellum É leg&"convex than the dorsal surface. The hemispheres 
are decidedly separated bySw@ontinuation of the posterior cerebellar notch, which 
à becomes broader We A the inferior portion of the vermis, vermis inferior, 
and whose margins “ce the medulla oblongata. The ventral surfaces of the 
hemispheres are e; vided by the intervening fissures into four lobes. 

Below, tha’ or semilunar lobe (postero-inferior lobe) is separated from 
the superior NS inar lobe of the dorsal surface by the horizontal fissure. It is the 
largest of t N itral lobes, and is broader at its medial extremity. Frequently two 

and someymes three of its curved sulci appear deeper than others, and separate it 

- into Oey: hree slender lobules, lobuli graciles. More commonly there are two 

of taeseSthe lobulus gracilis posterior and lobulus gracilis anterior, separated by sulci 
(Asus) correspondingly named. 
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The biventral lobe is smaller and more curved than the inferior semilunar lobe, 
from the anterior margin of which it is separated by the curved parapyramidal 
fissure. Its inner extremity is pointed and does not extend to the vermis; its outer 
extremity is broader and curves anteriorly to the inner and ventral extremity of the 
horizontal fissure—the line of outer termination of the inferior semilunar lobe. 

The tonsil (amygdala) is a rounded, triangular mass, placed mesially within 
the inner curvature of the biventral lobe, and separated from it by the retrotonsillar 
fissure. Its mesial border slightly overlaps the vermis. 

The smallest of the lobes is the flocculus. It lies adjacent to the inferior and 
lateral surface of the mass of white substance produced by the confluence of the cere- 
bellar peduncles, and extends into the inner extremity of the horizontal fissure. It 
is so flattened that its short folia give it the appearance suggesting its name. Oc- 
'asionally there is added a second, less perfectly formed portion, the secondary 
flocculus. From each floccular lobe there passes towards the mid-line a thin band of 
white substance, the peduncle of the flocculus; these extend to meet each other 
at the most anterior portion of the inferior vermis, and thus form the narrow pos- 
terior medullary velum. 


Fig. 586.—DIAGRAM or THE DORSAL SURFACE OF THE CEREBELLUM. 


CEREBRAL PEDUNCLE 


SUBSTANTIA NIGRA 
TEGMENTUM : 


ABER U od ig a INFERIOR QUADRIGEMIN- 

ATE BODY 

ALA OF CENTRAL 
LOBULE 


CENTRAL 
LOBULE 


ANTERIOR SEMI- 
LUNAR LOBE 


CULMEN 
OF MON- 
TICULUS 


POSTERIOR 
SEMILUNAR 
LOBE 
SUPERIOR 
SEMILUNAR 
LOBE 


HORIZONTAL 
FISSURE 


INFERIOR 
SEMILUNAR 


- SS 

i CLIVUS MONTICULU, 

LOBE US OF MONTICULUS 
POSTERIOR CEREBELLAR sor) 


FOLIUM OF VERMIS 


The inferior vermis is more definit A emarcated than the superior. Lying in 
the floor of the inferior notch, it is s ated on each side from the adjacent lobes of 
the hemispheres by a well- marked s, the vallecula cerebelli. By contour and 
by deeper transverse fissures S curring at intervals across it, four divisions or 
lobules of the inferior ver AN NY Ax AUNT These lobules, like those of the su- 
perior vermis, are each in A hte relation with the pair of lobes of the hemispheres 
adjacent to it on either 

1. The tuber vermK is doses to the folium vermis of the dorsal aspect, and 
thus is the most inferior lobule of the inferior vermis. It is a short, somewhat 
pyramidal-shaped ion, whose four or five transversely arranged folia are con- 
tinuous with th ù of the inferior crescentic lobes on either side. 

2. i» NS QN is separated from the tuber vermis by the post-pyramidal fis- 
sure. Md folia eross the vallecula cerebelli and curve to connect with the 
biv ER NN on either side. 

3. Khe tivula is separated from the pyramid by the prepyramidal fissure. It 
is “lar in shape. Its base or broader inferior portion appears as two laterally 

ro ir g ridges of grey substance, the furrowed bands, which extend across the 
ey: of the vallecula and under the mesial margins of the tonsils on either side. In 
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these bands its folia curve and become continuous with the tonsils. The uvula and 
the two tonsils are sometimes referred to collectively as the wvular lobe. 

4. The nodule is the smallest and most anterior division of the inferior vermis. 
It is separated from the uvula by the post-nodular fissure, and is closely associated 
anteriorly with the posterior medullary velum, the transverse continuation of the 
peduncles of the floccular lobes. 

Internal structure of the cerebellum.— The white substance of the cerebellum 
is continuous with its peduncles and forms a compact central mass. Over the sur- 
face of this the grey substance or cortex is spread in a thin but uniform layer. Upon 
section of the cerebellum certain of the sulci as well as the fissures are shown to be 
much deeper than is apparent from the surface. The deeper sulci separate the lobes 
into divisions, the medullary lamina, each of which is composed of a number of 
folia and each of which has its own core of white substance. The folia of the laminze 
line the sulci (and fissures), and also comprise their surface aspect, and are separated 
by the shallow, secondary sulci. The larger laminz are subdivided into from two 
to four secondary laminæ of varying size. Such subdivision is especially marked 
in the vermis. Here each lamina comprises a lobule and is, therefore, separated by 


Fig. 587.—DIAGRAM OF THE VENTRAL AND INFERIOR SURFACE OF THE CEREBELLUM AFTER THE 
REMOVAL OF THE MEDULLA OBLONGATA, PONS, AND MESENCEPHALON. 
'The tonsil of the right side is omitted in order to display the connection of the pyramid 
with the biventral lobe, the furrowed band of the uvula, and more fully the posterior medullary 
velum. ‘The anterior notch is less evident than in the actual specimen. 
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a fissure, and each lobule is usually subdivid@ i h the exception of the nodule, the 
folium, and the lingula. In sagittal secj*ens, or sections transverse to the general 
direction of the sulci, this arrangem the lamin gives a foliate appearance, 
which, especially in sagittal sections vermis, is termed the ‘arbor vite.’ 


The cerebellar cortex consists NN layers and contains four general types of cell-bodies 
of neurones, all of which possess fe s peculiar to the cerebellum. 


The outermost or moleculfr Idwet contains small stellate cells with relatively long den- 
drites. These serve to associat&thoKlifferent portions of a given folium. The axones of the largest 
of them give off branches wbich'fórm pericellular baskets about the bodies of the cells of Pur- 
kinje, each axone contribu to several baskets. The layer of Purkinje cells, or the middle 
layer, is quite thin. Ko es of the cells of Purkinje are arranged in a single layer, and their 


elaborate systems of_@enjlrites extend throughout and largely compose the molecular layer. 
The dendrites of hfs The most essential cells of the cortex, are displayed in the form of 
arborescent fans We. 555), arranged parallel with each other and transverse to the long axis of 
the folium co NN them. Their axones are given off from the base of the cell-body, acquire 
their medullaryWgNeaths quite close to the cell-body, and, after giving off several collaterals in 
the inner la$er, pass into the general white substance and thence to other lamine or lobes and 
certair "ám to structures outside the cerebellum. The inner layer is the granular layer. 
It No nerous small nerve-cells or granule-cells which possess from two to five radiating 
dendyitesWunbranched except at their termination, which occurs suddenly in the form of three 
to 4 aw-like twigs. Their axones are given off either from the cell-body direct or more often 
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from the base of one of the dendrites, and pass outwards into the molecular layer, where they 
bifurcate and course in both directions parallel to the long axis of the folium, to become associated 
with the dendrites of the cells of Purkinje. In the layer of the cells of Purkinje there is situated 
at intervals a neurone of the Golgi type II (see fig. 555). The short, elaborately branched axone 
of this neurone is distributed among the cells of the granular layer. Axones conveying impulses 
to the cerebellar cortex terminate in the granular layer as ‘moss fibres, or directly upon the 
cells of Purkinje as ‘climbing fibres,’ and probably upon the cells of the Golgi type II. 

Thus the neurones which receive impulses coming to the cortex are the cells of Purkinje, 
probably the Golgi cells of type II, and the granule-cells; those which distribute these impulses 
to other neurones of the folium are the Golgi cells of type II, the granule-cells, and the basket-cells 
(association neurones), and the collaterals of the cells of Purkinje. Impulses are conveyed from 
the cortex of a folium to that of other folia, lamina, lobules or lobes, or to the nuclei of the cere- 
bellum, or to structures outside the cerebellum by the axones of the cells of Purkinje. 


The nuclei of the cerebellum are in its central core of white substance. They 
| are four in number, and all are paired, those of each pair being situated opposite each 
other on either side of the mid-line. 

1. The largest of them is the dentate nucleus. This is an isolated mass of grey 
substance situated in the core of white substance of each hemisphere. It is in the 
form of a folded or corrugated cup-shaped lamina, with the opening of the cup 


Fig. 588.—SECTION OF CEREBELLUM AND BRAIN-STEM PASSING OBLIQUELY THROUGH INFERIOR 
PORTION OF CEREBELLUM TO ANTERIOR MARGIN OF Pons. (After Toldt, “Atlas of Human 
Anatomy," Rebman, London and New York.) 
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(hilus) directed anteriorly and E adn, It contains a mass of white 
| substance and possesses a capsule. Qı, 
| 2. The nucleus emboliformi oblong and much smaller mass of grey 
| substance, which lies A n Prnal to the hilus of the dentate nucleus. It 
Xote 


is probably of the same sig as the dentate nucleus, being merely a portion 
separated from it. 
3. The nucleus gl , the smallest of the cerebellar nuclei, is an irregular 
| horizontal mass of greęgyðstance with its larger end placed in front. It lies close 
| to the inner side qf nucleus emboliformis, and often appears separated into two 
| or more rounded N bular masses. 
i 4. The nucl tig (roof nucleus) is the second largest of the cerebellar nuclei, 
and is the SAN placed. The pair is situated in the roof of the fourth ven- 
tricle, anA ear the mid-line that both nuclei are in the white substance of the 
vermis. SN are ovoid in shape, and the nucleus of one side receives axones from 


the nyceus of the vestibular division of the eighth cranial nerve chiefly of the oppo- 
sit«f wh the decussation of these axones taking place in the vermis. Its cells are 


S whan those of the two first-mentioned nuclei. 


he peduncles of the cerebellum.— The peduncles consist of three pairs—the 
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inferior, middle, and superior. The three peduncles of each side come together at 
the level of the lower border of the pons, and the entering and emerging “fibres of 
which they are composed become continuous with the central core of w hite “substance 
of the cerebellar hemispheres. 

The restiform body of the medulla oblongata is the inferior peduncle. It forms 
the lateral boundary of the inferior portion of the fourth ventricle, and upon reaching 
the level of the pons turns sharply backwards into the cerebellum. In the region of 
the turn it is encircled externally by fibres of the cochlear division of the eighth 
cranial nerve. It contains fibres, both ascending and descending, between the 
cerebellar cortex and the structures below the cerebellum:—(1) Fibres from the 
spinal cord including the lateral cerebello-spinal fasciculus (direct cerebellar tract) and 
probably a small pr oportion of the ascending fibres of the antero-lateral superficial 
fasciculus (Gowers’ tract); (2) fibres from the olive of the same and opposite side 
of the medulla oblongata: (3) fibres from the nuclei of the funiculus gracilis and 
cuneatus of the same and opposite sides; (4) fibres to the olive of the opposite side; 
(5) fibres to the nuclei of the motor cranial nerves; (6) fibres descending to the ven- 
tral horn cells of the spinal cord. The ascending or afferent fibres of the cerebello- 
spinal and cerebello-olivary fasciculi are the principal components of the inferior 
peduncle. Of these, the fibres of the direct cerebellar tract terminate in the cortex 
of the superior vermis of both sides of the mid-line, but, for the most part, in that 
of the opposite side. The olivary fibres end in the cortex of both the superior 
vermis and the adjacent cortex of the hemispheres, and some of them terminate 
in the nucleus dentatus. 

The brachium pontis or the middle peduncle is the largest of the three cerebellar 
peduncles. In it the pons fibres pass slightly downwards and into the cerebellar 
hemisphere, between the lips of the anterior part of the horizontal fissure, entering 
at the outer side of the inferior peduncle. It consists of the transverse fibres of the 
pons, and within the cerebellum its fibres are distributed in two main groups—the 
upper transverse fibres of the pons apparently pass downwards to radiate in the 
lower portion of the hemisphere, while the lower transverse fibres pass upwards and 
inwards to radiate in the superior part of the hemisphere and vermis. For the most 
part the fibres of the middle peduncle may be considered as commissural fibres, 
passing from one side of the cerebellum to the other. Each peduncle contains 
fibres coursing in opposite directions. Many of these fibres are intgaryypted in their 
course to the opposite side by cells scattered thr oughout the ponsygcle) pontis, and, 
therefore, in each brachium pontis some of the fibres are Proce the cells of the 
cerebellum and course towards the opposite side, while oth processes of the 
cells of the pontine nuclei and course to the cerebellar henNSPere of the same side. 
Furthermore, there are evidences after degeneration th e brachium pontis also 
contains a few fibres from the cerebellum to the str S of the brain-stem and 


spinal cord. 
The brachium conjunctivum or superior «Q peduncle emerges from the 
cerebellum on the inner side of the brac y It also extends on the mesial 
side of the course of the restiform body. as ds the lateral boundary of the supe- 
rior portion of the fourth ventricle. lis 1 sverse section appears semilunar in 
shape, with the concave side next to Qu of the ventricle. The dorsal border 
which inclines towards the mid-line nnected with that of the corresponding 
peduncle of the opposite side by theesiwi'ior medullary velum, which thus roofs over 
the superior part of the AEN cle. The ventral border is distinguished from 
the pons by an open furrow or 3 M ; 

The superior cerebellarffédNtles are almost entirely efferent pathways as to the 
cerebellum, and form the eNgffconnections between the cerebellum and the cerebrum. 
They arise almost wh from the dentate nuclei. As they course forwards they 
slightly converge a appear under the inferior quadrigeminate bodies. Here, 
in the tegmentum othe mesencephalon, they undergo an almost total decussation, 
and then the mafoNty of the fibres of each pedunce le, havi ng thus crossed the mid- 
line, terming he red nucleus of the opposite side. The red nucleus lies in the 


tegmentum e mesencephalon, below the superior quadrigeminate bodies, and 
therefore &uité close to the decussation. The cells of the red nucleus, about which 
the Ala the peduncle terminate, in their turn send processes (axones) into the 
pr Nonio. most of which enter the thalamus, but some pass under the thalamus 
toS the internal capsul 
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In addition to the fibres having the origin and course described above, and which 
constitute the greater mass of the superior cerebellar peduncle, each peduncle is said 
to contain fibres which—(1) arise in the cerebellar cortex of the same and opposite 
sides of the mid-line, instead of from the dentate nucleus, and which join the peduncle 
at the side of the dentate nucleus, between it and the restiform body; (2) fibres which 
do not cross the mid-line in the decussation, but terminate in the red nucleus of the 
same side; (3) possibly some fibres are not interrupted in the red nucleus, but pass 
directly into the thalamus; (4) a small proportion of fibres afferent as to the cere- 
bellum, which arise in the structures of the cerebrum and pass in to the cerebellum; 
and (5) the greater part, if not all, of the ascending fibres of the antero-lateral 
superficial fasciculus (Gowers’ tract) of the spinal cord. The latter, instead of 
entering the cerebellum by way of the restiform body, are deflected in the medulla 


Fig. 589.—TRANSPARENCY DRAWING SHOWING THE ORIGIN, COURSE, AND CONNECTIONS OF THE 
SUPERIOR CEREBELLAR PEDUNCLES (BRACHIA CONJUNCTIVA) IN THE. FORMATION OF 
í STILLING’S SCISSORS.’ 
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and pass in the lateral tegm N of the pons to the anterior medullary velum, where 
í they turn backwards tofffit&he cerebellum in its superior peduncle and pass to its 
f ; cortex, probably from uter side of the dentate nucleus (see fig. 605). 

The anatomy oy fourth ventricle.—The fourth ventricle is rhomboidal in 
shape, being consid tay widened at the level of the brachia pontis and pointed at | 
each end. Its fldor)consists of a slight depression in the brain-stem, the fossa rhom- 
boidea, and, € ponds to the floor of the central canal. Its pointed inferior end, 
1 the calamgt ON, torius, is directly continuous with the central canal, and its narrowed 
| anterior eNINS continued into the aqueeductus cerebri (Sylvii) of the mesencephalon, 

which i&{ nothing more than a resumption of the tubular form of the canal. The | 
ente ity of the ventricle is lined with an epithelium which is continuous with 
e ewAhelium, or ependyma, of the central canal. 
he roof of the anterior portion of the fourth ventricle is nervous, consisting of a 
Wa 
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thin lamina of white substance, the anterior medullary velum, thickened at the sides 
by the brachia conjunctiva. At its extreme mesencephalic end the anterior med- 
ullary velum is slightly thickened by a continuation of the white substance of the 
inferior quadrigeminate bodies, forming the frenulum veli. The inferior portion of 
the velum is continuous with the white substance of the cerebellum, and is covered 
by the lingula cerebelli, an extension of the cortical substance of the superior vermis 
(fig. 582). 

The roof of the middle portion of the fourth ventricle is formed by the cerebellum 
proper, the vermis and the mesial portions of the hemispheres. The nervous por- 
tion of the roof terminates with the posterior medullary velum, a thin, narrow band of 
white substance which is the continuation of the peduncles of the floccular lobes, 
and which connects them at the mid-line with the nodule of the inferior vermis. 

The roof of the inferior portion of the fourth ventricle is non-nervous. It is the 
tela chorioidea of the fourth ventricle, a semilunar lamina consisting of the epithelial 
lining of the ventricle, reinforced by a continuation of the connective tissue of the pia 
mater and the adjacent portion of the arachnoid. Along the line of its attachment 
to the surface of the medulla it is thickened, and in sections this portion bears the 
name ligula (tenia ventriculi quarti). The thickened portion spanning the tip of 


Fic. 590.—DraAGRAM or THE Roor AND LATERAL BOUNDARIES OF THE FOURTH VENTRICLE. 
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the calamus seriptorius is termed the o 
extended outwards from its widest pga 
each side and around the upper paz 
the lower part of the tela chority 
the foramen of Magendie (medi 


. Lhe width of the ventricular cavity is 
0 the lateral recesses, narrow pockets on 
the restiform bodies. In the mid-line of 
t#fere is a more or less well-marked opening, 
perture of the fourth ventricle), which is a lymph- 
channel connecting the ca ya&y the ventricle with the subarachnoid space. "There 
is a similar opening from &aclf lateral recess (lateral apertures). 

The chorioid A ne fourth ventricle consist of highly vascular, lobular, 


villus-like processes 5e ventricular surface (pia mater) of the tela chorioidea. 
They are reddish i resh specimen, and the epithelial lining of the ventricle is 
closely adapted unevennesses of their surfaces. From below they run as two 
parallel mas NS either side of the mid-line, which become united above, and then 
are separa NS in into two lateral processes which bend at right angles and pro- 
ject into the Wteral recesses. Portions frequently protrude through the three open- 
ings of fà ventricle into the subarachnoid space. 

r of the fourth ventricle (fossa rhomboidea).—This is thrown into em- 
PAN and depressions indicative of the internal structures of the brain-stem sub- 


e , to it. Its inferior portion is the dorsal surface of the upper portion of the 
. S 
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medulla oblongata; its intermediate portion is the dorsal surface of the pons region, 
while its superior portion belongs to the isthmus of the rhombencephalon. Its tri- 
angular lower extremity terminates as the opening of the central canal of the spinal 
cord. This portion is deepened at the obex and shows furrows which point down- 
wards and converge medianwards, giving the appearance known as the calamus 
scriptorius. The mid-line of the ventricle is sharply distinguished by the well- 
marked median sulcus, which becomes shallower abové than below. Throughout 
the length of the floor on either side of the median sulcus is a continuous ridge, the 
medial eminence, which is bounded laterally by the limiting sulcus. Underlying 
the floor of the ventricle is a layer of grey substance of varying thickness, which is 
continuous with that surrounding the central canal of the cord. The medial emi- 
nence is subdivided into portions of unequal width and elevation, and the limiting 
sulcus accordingly shows fovez of different depths. 


Fia. 591.—Dorsat SURFACE OF THE BRAIN-STEM SHOWING THE ANATOMY OF THE FLOOR OF THE 
FourtH VENTRICLE. (Modified from Spalteholz.) 
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Beginning at the calamus pi following areas of the floor of the fourth 
ventricle are usually distinguighf o, 

The area postrema of NM is a superficial vascular structure bounded in- 
feriorly by the tzenia and AO) g the terminal portion of the nucleus funiculi gracilis 
(clava) and a portion offth cleus of the vagus nerve. The funiculus separans, 
a short oblique fold of oor, composed chiefly of neuroglia, separates the area 
postrema from the inerea (trigonum vagi), which is an oblique, grey-coloured 
eminence indicati e position of the middle third of the nucleus of termination 
(recipient nucl the vagus and glosso-pharyngeal nerves. At the superior ex- 
tremity of SN cinerea is a well-marked triangular depression of the limiting 
suleus k D 


]2 


the inferior fovea. Mesial to and extending above the ala cinerea 
isa Siro NO inence lying close to the median suleus, which represents the nucleus 
of origyXof the twelfth nerve, the hypoglossal eminence (trigonum hypoglossi). 
Th us intercalatus of Van Gehuchten is a wedge-shaped portion very slightly 


s mawated from the hypoglossal eminence, and lying between it and the inferior 


a. This nucleus is considered by some observers as an inferior medial exten- 
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sion of the nucleus of termination of the vestibular nerve (area acustica), but 
Streeter, who has made a detailed study of the floor of the fourth ventricle by means 
of serial sections, doubts that it is a part of this nucleus. 

Superior to the inferior fovea, and crossing each half of the floor of the fourth 
ventricle, are the striz acustica. These are bundles of axones arising in the nuclei 
of termination of the cochlear division of the auditory nerve, which are situated in 
the lateral periphery of the restiform body. The bundles course around the dorsal 
periphery of the upper portion of the restiform body, giving it the appearance which 
suggested its name, then across each half of the floor of the ventricle to the median 
sulcus, in which they suddenly turn ventrally into the substance of the medulla oblon- 
gata, and in doing so they cross the mid-line to enter the substance of the opposite side. 
The striæ acustice vary greatly in different individuals, both in the degree of their 
prominence and their direction. Frequently a bundle may be discerned which courses 
obliquely upwards and outwards from the median sulcus to disappear in the floor fur- 
ther away from the mid-line and again, a bundle may depart from the transverse 
course before reaching the median sulcus. The stris: acustice cross the area acustica. 
This is the flattened elevation which occupies the whole lateral portion of the interme- 
diate portion of the floor of the ventricle, lateral to the limiting sulcus, and extends into 
the inferior portion lateral to the inferior fovea. It represents the subjacent nucleus 
of termination of the vestibular division of the eighth cranial nerve. The dorsal 
and ventral nuclei of the cochlear division of the eighth nerve (tuberculum acusti- 
cum) are indicated by the ventro-lateral fullness in the contour of the restiform body. 
In many of the mammals they produce a well-marked protuberance. 

In the superior portion the medial eminence occupies the greater part of the floor 
of the fourth ventricle, and in the upper part of the intermediate portion it pre- 
sents a broader, well-marked, elongated elevation, the colliculus facialis. This repre- 
sents the mesially placed nucleus of origin of the abducens and the genu of the root 
of the facial nerve, which root courses : around and above the nucleus of the abducens. 
The nucleus of the facial is too deeply situated to produce an eminence. Lateral to 
this eminence is a depression of the limiting sulcus, which overlies the region of the 
larger portion of the nucleus of termination of the trigeminus, and is the fovea 
trigemini or superior fovea. The strip of the floor above the superior fovea and 
lateral to the medial eminence often appears greyish blue or dark br&wn, owing to 
pigmented cells subjacent to it, and is known as the locus cerul y also repre- 
sents a portion of the nucleus of the trigeminus. The most su portion of the 
medial eminence becomes narrow and lies close to the mid-Ji The function of 
the underlying grey substance producing it is uncertain, an this reason Streeter 
has named the elevation nucleus incertus, noting the z position it is closely 
related to the upper portion of the nucleus of the trigete 


Internal structure of the medulla iei d pons.— The finer detail of 
the internal structure lies within the scope gf oscopie rather than of gross 
anatomy. However, the significance and re&ions of certain of the more impor- 
tant and larger of the internal structures Ky medulla and pons as observed in 
sections may be. considered. 

The entire brain-stem may be rega 


cord, to which structures are Y 


ns an upward continuation of the spinal 
ng each part its peculiar character and 
‘eS characteristic of the spinal cord are modi- 


conformation, and in which the stu 
fied in varying degrees. 


The pyramids, the gre: Qi. or motor cerebro-spinal fasciculi, are directly 
continuous into the pyrands Qing of the spinal cord. They form the extreme 
ventro-medial portion of théwfiedulla, and from the fact that they contribute numer- 


ous fibres to the oo uclei (nuclei of origin) of the cranial nerves and to other 
‘portions of the grey, stance of the brain-stem, they decrease Rn Qn in bulk 
in descending tow he spinal cord. Most of the fibres contributed to the medull.. 
decussate as SN ave the pyramids, and terminate in the grey substance of the 
opposite s NY wever, the chief decussation of the pyramids occurs in the lower 
end of M lla. Here usually about three-fourths of the fibres then comprising 


the pyrasaMls cross the mid-line to form the lateral cerebro- spinal fasciculus (crossed 
pyra act) of the spinal cord immediately below. The remaining fourth, 
corpprismg the more lateral fibres or those furthest away from the mid-line, con 

j uncrossed into the spinal cord as the ventral cerebro-spinal fasciculus or direct 
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pyramidal tract. The majority of the latter fibres decussate gradually in the com- 
missural bundle and in the ventral white commissure of the cord as they approach 
the levels of their termination. The proportion of fibres crossing in the chief decus- 
sation varies: Cases have been noted in which apparently the entire pyramids 
decussate at this level. In other cases the direct or ventral pyramidal tract may be 


Fig. 592.—TRANSVERSE SECTION OF MEDULLA OBLONGATA AT THE LEVEL OF THE DECUSSATION 
OF THE PYRAMIDS. 


NUCLEUS OF FUNICULUS GRACILIS 
CENTRAL GREY SUBSTANCE ' FUNICULUS CUNEATUS 


f SUBSTANTIA GELATINOSA (ROLANDI) 
CENTRAL CANAL 


| SPINAL CEREBELLO- 
' FASCICULUS 


C 1GOWERS TRACT 


` LATERAL CEREBRO-SPINAL 
FASCICULUS 


VENTRAL HORN 
` DECUSSATION OF PYRAMIDS 
\ PYRAMID 


` 
s 


much larger than usual, at the expense of the lateral. The decussation usually 
appears to be symmetrical and it occurs so suddenly that the fibres, in coursing from 
the ventral to the lateral positions; detach the tips of the ventral horns of the spinal 
cord from the remainder of the grey figure, and these appear as isolated, irregu- 
larly shaped masses of grey substance in transverse sections of the medulla. From 
this level upwards the outline of the grey figure of the' cord is lost, and the cell- 


i Fra. 593.—TRANSVERSE SECTION OF MEDULLA OBLONGATA AT Ge DECUSSATION OF 
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column ventral horns occur in more or less detached groups as the motor 
nuclei ONY cranial nerves. . 

RÀ origin and decussation of the lemnisci (fillet) begins immediately above 
ACI ssation of the pyramids, and here the arrangements characteristic of the 
i1 cord are further modified. The dorsal portion of the grey figure of the cord 
o p up to this level, but here, after a considerable increase in its thickness, 
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the grey commissure gives rise to two thick dorsal outgrowths on each side of the 
mid-line. These dorsal projections of grey substance comprise the nuclei of termina- 
tion (relays) of the chief ascending or sensory cerebro-spinal fasciculi of the spinal 
cord. The nucleus funiculi gracilis (nucleus of Goll’s column) arises a little before 
the nucleus funiculi cuneati (nucleus of Burdach's column). The former extends 
slightly downwards from its point of origin, so that its inferior extremity is included 
in sections through the decussation of the pyramids (fig. 592). It produces a slight 
bulbous enlargement (the clava) of the end of the funiculus gracilis, while the nucleus 
funieuli cuneati corresponds to the cuneate tubercle of the external contour of the 
medulla (figs. 582 and 591). VFrom the cells of these nuclei arise the lemniscus—the 
cephalad continuation of the cerebro-spinal pathway which conveys the general bodily 
sensations to the cerebrum. In passing out of the nuclei the fibres of the lemniscus 


Fic. 594.—DrAGnAM OF THE DECUSSATION OF THE LEMNISCI. 
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course in à ventro-medial Q. Curving around the region of the central canal, 
they contribute largely to eter arcuate fibres, then, sweeping across the mid- 
he raphe, and immediately after crossing (decussating) they 
o form the bundle known as the lemniscus. 

In the medulla, Cy mnisci are two thin bands of fibres spread vertically on each 
side of the raph Wh their lower or ventral edges thicker than their dorsal edges. 
In their cous ards the cerebrum they increase in bulk, owing chiefly to fibres 
being UN from the nuclei of termination of the afferent roots of the cranial 
nerves. Àn phssing through the region of the pons, the lemnisci gradually become 
;ontally, and beyond the pons their then more outer portions are further 


line, they convert it int 
turn cephalad and co 


digpla dnd come to course in the lateral borders of the isthmus rhombencephali 
a nesencephalon, while the inner portions remain nearer the mid-line. This 
hl spreading of each lemniscus produces the lateral lemniscus and the medial 
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lemniscus, distinguished in transverse sections of the superior pons and mesen- 
cephalic regions of the brain-stem (fig. 609). 

The reticular formation of the medulla and pons region is considerably more 
abundant than in the spinal cord. As in the spinal cord, it consists of grey substance 
through which nerve-fibres, singly and in small bundles, course in all directions, 
and more sparsely than in other regions. In the medulla it is traversed by the in- 
ternal arcuate fibres. It may be considered an enlarged continuation of the middle 
portion of the grey column of the cord, traversed by numerous fibres, giving it the 
reticulated appearance which suggests its name. Its numerous nerve-cells belong, 
for the most part, to the association and commissural systems of the brain-stem, and, 
therefore, the fibres arising in it correspond to the fasciculi proprii of the spinal cord. 
As in the cord, most of the fibres are of short course, serving to associate different 
portions of the same level and adjacent levels with each other. Those of long course 
show a tendency to collect into a small, well-marked bundle which courses one on each 
side close to the mid-line, ventral to the central canal in the closed part of the medulla, 
and near the floor of the fourth ventricle, in the open part. In the mesencephalon 
this bundle is again situated ventral to the aquseductus cerebri. 


Fie. 595.— TRANSvERSE SECTION OF MEDULLA OBLONGATA THROUGH NUCLEI OF VAGUS AND 
4 HypoGLossus AND THROUGH THE MIDDLE OF THE OLIVES. 
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This bundle is known as the canine E, itudinal fasciculus (posterior longi- 
tudinal bundle). It corresponds more tly to the ventral fasciculus proprius of 
the spinal cord than to others of the faMiguli proprii. In the medulla it appears as the 
dorsal edge of the lemniseus, but @Nffe shifting of the position of the lemniscus in 
the pons region, it becomes js > By position it is especially adapted for the 
association of the nuclei of t NI Mal nerves. Evidence has been found that those 
fibres which arise in the c ra quadrigemina and descend the spinal cord in its 
sulco-marginal fasciculffs, «Ss through the medulla in the medial longitudinal 
fasciculus. 
The inferior gliygry nucleus is an added structure in the medulla oblongata, 

i. e., it has no ho fue in the spinal cord. The two of them occupy the olivary 
prominences, t4 wes of the exterior, and constitute the most conspicuous and 
striking isolat@dNnasses of grey substance in sections of the medulla. They appear 
as crenat Minæ of grey substance folded so as to eneup a dense mass of white 
substanceN® d in actual shape the entire nucleus has the form of an irregular corru- 
gated c\p with the opening or hilus on the side towards the mid-line. The mass 
is AY pled that the diameter of the hilus is appreciably less than the length of the 
a ay and thus transverse sections of either extremity of it appear as closed cap- 


S. 
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There are several small detached portions of the olivary nucleus known as the ac- 
cessory olivary nuclei. These are named according to their position with reference 
to the chief portion or olive proper. They are less corrugated than the chief nucleus, 
and appear rod-like in sections. The largest is the dorsal accessory olivary nucleus. 
The medial accessory olivary nucleus is widest at its inferior end, which extends a 
little below the inferior extremity of the chief nucleus. The lateral accessory olivary 
nucleus is the smallest. In serial sections the accessory nuclei are found to be plates 
of grey substance and usually continuous with one another. 

The olivary nuclei are mainly cerebellar connections. By both ascending and 
descending fibres each cerebellar hemisphere is connected with the olivary nucleus 
of the same and opposite sides. These fibres necessarily pass between the cere- 
bellum and the olives by way of the restiform body, and, in so doing, form an obliquely 
coursing bundle in the lateral border of the medulla known as the cerebello-olivary 
fibres (fig. 595). 

The arcuate fibres are referred to as internal and external, according as they 
course dorsal or ventral to the inferior olivary nucleus. 

The internal arcuate fibres comprise fibres destined for both the cerebellum 
and cerebrum, and also for the association of the tegmental grey substance of the 
two sides in which they course. Certain of the fibres passing between one restiform 
body (cerebellar hemisphere) and the olive of the opposite side course internal to the 
olive of the same side, and thus form the ventral portion of the internal arcuate fibres. 


Fig. 596.—RECONSTRUCTION OF THE INFERIOR OrrvaARY NUCLEUS, DoRSO-LATERAL SURFACE. 
(After Sabin.) 


As noted above, the internal arcuate fibres co ON part of cerebro-afferent 
fibres, arising from the cells of the nucleus fuðculi gracilis and funiculi cuneati and 


sweeping downwards and decussating to f he lemniscus of the opposite side. 
However, all the fibres arising in these nagleMdo not enter the lemniscus. A few of 
them cross the mid-line with the inter cuates, but pass on to enter the restiform 
body (cerebellar hemisphere) of th site side. Some of these course ventrally 


and, upon approaching the oliv Sposite side, are deflected around the ventrai 
side of both the olive and the SS , and thus pass to the restiform body as external 
arcuate fibres also. Certaj ro) internal arcuate fibres arise from the cells of the 
nuclei of termination of tÇ ep nerves and from smail cells situated in the grey 
substance of the reticular Wefmation. These, in crossing the mid-line, correspond 
to the white commissu@sof the spinal cord. Some of them terminate in the med- 
ulla; others join t niscus and pass towards the cerebrum; others reach the 
cerebellar hemis f the opposite side. 

The extergaNgrtuate fibres, in addition to those mentioned above, comprise cer- 
tain fibres «Ni rise in the nuclei funiculi gracilis and cuneati and pursue a dorso- 
lateral courseNj5 enter the restiform body of the same side. These form the dorsal 

3 


segmenteQX the external arcuates. The greater mass of the external arcuates are 
aan vary fibres. Certain of those passing from one olive to the restiform body 
of She (posite side are deflected at the raphe, and course on the ventral side of both 
Bors olive and the pyramid in order to reach the cerebello-olivary bundle. Like- 
| ; 51 


» 


802. THE NERVOUS SYSTEM 


wise, those passing from the restiform body to the opposite olive are deflected by the 
olive of the same side and pursue a similar course to the raphe. While out of the hilus 
of each olive streams a dense mass of white substance, yet many of the fibres 
concerned with the olive pierce its walls from all sides. 

Many of the external areuate fibres are said to be interrupted in the nucleus 
arcuatus. This is a thin sheet of grey substance, variable in amount, which lies on 
the ventral aspect of each pyramid, and, though it decreases inferiorly, it may be 
evident down to the decussation of the pyramids. The nucleus receives its name 
from the fact that its larger portion is interpolated in the course of the external 
arcuates. 


Fies. 597 AND 598.—DIAGRAMS SHOWING THE COMPOSITION OF THE CEREBELLAR PORTIONS 
OF THE INTERNAL AND EXTERNAL ARCUATE FIBRES. 
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The arcuate fibr longer course, like the olives with which they are largely 
concerned, have 1 Yologues in the spinal cord. 


of the closed portion of the medulla is surrounded by a greater 
amount of gfeXsMbstance, substantia grisea centralis, than is the canal in the spinal 
cord. TAN argely gelatinous substance, the central gelatinous substance, and the 


The central 


nerve-fib1 n coursing through the grey substance are partially deflected by it, 
leavi as a cylindrical, more evident area of grey substance than in other regions. 
n portion of the medulla the substantia grisea centralis naturally forms a 


D 
orewtransparent lamina just under the floor of the fourth ventricle. In the mesen- 
CePhalon it again surrounds the reformed canal or aqueeductus cerebri. 
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The central connections of the cranial nerves are most easily homologised 
with spinal-cord structures. Functionally the cranial nerves are of three varieties :— 
(1) the motor or efferent nerves, comprising the oculomotor, the trochlear, the 
abducens, the spinal accessory, and the hypoglossus; (2) the sensory or afferent, 
comprising the olfactory, the optic, and the acoustic; and (8) the mixed, motor and 
sensory nerves, comprising the trigeminus, the facial, the glosso-phary ngeal, and the 
vagus. The nuclei of origin of the motor or efferent cranial nerves and the efferent 
portions of the mixed nerves are directly continuous with the cell columns of the 
ventral horns of the spinal cord, while the emerging root filaments and roots of these 
nerves correspond to the ventral roots of the spinal nerves. The nuclei of termina- 
tion of the afferent or sensory cranial nerves and of the sensory portions of the mixed 
nerves correspond directly to the nuclei of the funiculus gracilis and funiculus cunea- 
tus, and, functionally, are merely anterior continuations of these nuclei. 

The nuclei of the efferent or motor cranial nerves lie in two parallel lines, one near 
the mid-line and the other more laterally placed. The nuclei giving origin to the 
oculomotor, the trochlear, the abducens, and the hypoglossus are near the mid-line, 
and correspond to the ventro-medial and dorso-medial cell groups of the ventral horns 
of the spinal cord; the nuclei of origin of the motor portion (portio minor) of the 
trigeminus, of the faci al, and the nucleus ambiguus giving origin to the motor por- 
tions of the glosso-pharyngeal and vagus nerves, together with the nucleus of the 
spinal accessory, correspond to the ventro-lateral and dorso-lateral cell-groups of 
the ventral horns of the spinal cord. The nerve-roots having medial nuclei of origin 
are those which make their exit from the brain-stem along the more medial super- 
ficial line, while those having the more lateral nuclei comprise the more lateral line 
of roots apparent on the surface of the stem. The first two pairs of cranial nerves, 
the olfactory and optic, are attached to the prosencephalon. These are purely 
sensory, and make their entrance near the mid-line of the brain, both having super- 
ficially placed nuclei of termination. Of the other nerves, all having sensory or 
afferent functions enter the brain along the lateral or more nearly dorsal line, and the 
ganglia giving origin to their afferent axones correspond directly to the ganglia of 
the dorsal or afferent roots of the spinal nerves. 

Commissural and associational neurones are much more numerous in the brain- 
stem than in the spinal cord. Their axones serve to connect the gtXuctures on the 
two sides of the mid-line and to associate the different levels of e side. Just 
as in the spinal cord, those of longer course correspond to th uli proprii. 

Of the twelve pairs of cranial nerves, eight pairs are : ed to the medulla 
oblongata and pons, viz., the trigeminus, abducens, We , ustie, glosso-pharyn- 
geal, vagus, spinal aecessory, and hypoglossus. 


4 The hypoglossus, the motor nerve of the toni its nucleus of origin be- 
ginning in the lower portion of the floor of the fo 'entricle at the level of the 


striæ acustice. It is a long nucleus, lying clos e mid-line and just under the 
floor of the ventricle (hypoglossal eminence) enc nding down to the region of the 
. funiculus separans. Here it curves ventral]f&o a slight degree, and below the obex 
" assumes a position ventro-lateral to the ral canal, and thus extends a short 
distance below the level of the inferior e of the olive. The nerve arises as a series 
of rootlets which traverse the entire tha ss of the medulla (fig. 595), to emerge in line 
in the furrow between the olive : pyramid and fuse to form the trunk of the 
qe 


nerve. "The lowermost of the sually emerge below the olive. The nucleus 


receives impulses—(1) from tl rum by way of divergent fibres from the pyramid 
of the opposite side (volupta AS impulses brought in by the sensory fibres of the 
cranial nerves A a N P by axones from other levels of the medulla (associa- 
tional). None of its 4 are supposed to decussate, though numerous com- 


1 de pass between the nuclei of the two sides. 
ry is likewise a purely motor nerve, e, and has a laterally placed, 
long, and mughftNifuated nucleus of origin. Above, its nucleus is in line with and 
practically, uous with the nucleus giving motor fibres to the vagus and glosso- 
pharyngoag N Ileus ambiguus). Below, it consists of the dorso-lateral group of 
cells of the Wentral horn of the first five or six segments of the spinal cord. The 
nerve es as a series of rootlets which emerge laterally and join a common trunk, 
sa Des ses upwards parallel with the medulla to turn outwards in company with 
QW vXeus. (See fig. 580.) The upper rootlets arise from that part of the nucleus 
e iguous to the nucleus ambiguus, and are described as comprising the medullary 
AV 
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or accessory part of the nerve; those which arise from the ventral horn cells below 
are described as the spinal part. The trunk of the spinal accessory fuses with the 
vagus in the region of its two ganglia, and, before separation, contributes fibres (the 
accessory part) to the trunk of the vagus. The accessory fibres are distributed as 
motor fibres to the muscles of the larynx; the spinal part is distributed to the sterno- 


Fic. 599.—ScHEME SHOWING THE RELATIVE SIZE AND POSITION OF THE NUCLEI OF ORIGIN (RED) 
OF THE MOTOR AND THE NUCLEI OF TERMINATION (BLUE) OF THE SENSORY CRANIAL NERVES. 
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NS 
ANS Eds muscles. The nucleus of the spinal accessory receives terminal 
yramidal fibres and is otherwise subjected to influences similar to those 
the cells giving origin to the motor roots of the spinal nerves. 

hé vagus or pneumogastric and the glosso-pharyngeus, though they have | 
y different peripheral distributions, are so similar in origin and central connec- 
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tions that they may be described together. Both contain efferent fibres, though 
both are in greater part sensory. They are very similar as to the origin of 
both their efferent and afferent components. The afferent fibres of the vagus arise 
in its ganglion jugulare and its ganglion nodosum (ganglion of the trunk); the af- 
ferent fibres of the glosso-pharyngeus arise in its ganglion superius and its ganglion 
petrosum. In both nerves these fibres enter the lateral aspect of the medulla and 
bifureate into ascending and descending branches, similar to those of the dorsal root- 
fibres in the spinal cord. Some of these branches terminate in practically the same 
level of the medulla about cell-bodies situated on the same and the opposite sides. 
Such end chiefly in the nuclei of the hypoglossal and spinal aecessory, and about 
the cells giving origin to the efferent components of the vagus and glosso-pharyngeus 
themselves—short reflex fibres. However, most of the afferent fibres terminate in 
the nucleus of termination of the vagus and glosso-pharyngeus:—(1) the nucleus of 
the ala cinerea, the middle portion of which is indicated in the floor of the fourth 
ventricle by the ala cinerea; (2) in the closed portion of the medulla, the lower end 
of the nucleus of the ala cinerea comes to lie in the dorso-lateral proximity of the 
central canal, and this portion is known as the commissural nucleus of the ala cinerea 
(figs. 593 and 597) from the fact that fibres may be seen which pass directly from 
it across the mid-line; (3) most of the descending branches of the bifurcated fibres 
collect to form the solitary tract, a compact bundle situated dorsally just lateral 
to the nucleus of the ala cinerea and quite conspicuous in sections of the medulla. 
The fibres of this bundle terminate in the nucleus of the solitary tract, which is but a 
ventro-lateral and downward continuation of the nucleus of the ala cinerea enclosing 
the bundles forming the tract. It is probable that the fibres of the solitary tract 
are chiefly from the vagus (pneumogastric), though Bruce has found evidence that the 
elosso-pharyngeal contributes to it appreciably. It decreases rapidly in descending 
the medulla, owing to the rapid termination of its fibres about the cells of its nucleus, 
but it is believed to extend as far downwards as the level of the fourth cervical segment 
of the spinal cord. This being in the level or origin of the phrenic nerve, the funiculus 
may be in part a link in the respiratory apparatus which aids in the co-ordinated 
respiratory movements. The axones given off by the cells of the terminal nuclei of 
the vagus and glosso-pharyngeus course on both sides of the mid-line, the greater por- 
tion perhaps decussating to be distributed to the structures of thá opposite side. 
Some join the lemniscus of the opposite side and pass into the egbrt§n; others are 


e 


distributed to the motor neurones of the medulla and cervical f the same and 
opposite sides (reflex axones), and no doubt others form centy nections with the 
cells of the reticular formation of the medulla, though tl recise relations have 


not been determined. 

The nuclei of origin of the motor fibres of the NO glosso-pharyngeus are 
the dorsal efferent nucleus and the nucleus AND s. The cells of the dorsal 
nucleus lie somewhat clustered in the ventro- S ide of the nucleus of the ala 
cinerea and lateral to the nucleus of the hypepeglwsMs. Their axones pass outwards 


among the entering or afferent vago-glossg&garyngeal fibres. The nucleus am- 
biguus or ventral efferent nucleus lies in tl 


ateral half of the reticular formation, 
about mid-way between the olive and f» line traversed by the rootlets of the two 
nerves. Its upper end is larger. Its 5 are considerably dispersed by the fibres 
of the reticular formation. The ax arising from its cells course at first dorsal- 
wards and then turn abruptly« f to join the rootlets of the vagus or glosso- 
pharyngeus, as the case may b he vagus is thought to receive more efferent fibres 
from the two motor nuclg TO) oes the glosso-pharyngeus, and Cunningham notes 
that it may be questionei wljether the latter contains any motor fibres at all, there 
being paths by which &he bres of its motor branch (to the stylo-pharyngeus mus- 
cle) might enter it otQ/han direct from the motor nuclei. 

The acoustic qe is à double nerve, both divisions of which are purely sensory. 

t 


It enters the CN he lateral aspect of the junction of the medulla oblongata and 
pons. It RY scribed as two nerves:— 

(1) TN ibular nerve arises as the central processes of the bipolar cells of 
the vestibqulaNganglion, and passes into the brain-stem on the inner side of the resti- 
i : to find its nucleus of termination (nucleus vestibularis).in the floor of the 
M Yevtricle. This nucleus occupies a triangular area of considerable extent 

(g&ea Teustica, figs. 591 and 594), and is usually subdivided into a lateral nucleus 
| ers’), a medial nucleus (Schwalbe's), a superior nucleus (Bechterew's), and an 


— — em mn M e 


2 


806 THE NERVOUS SYSTEM 


inferior nucleus (nucleus spinalis). The latter is a downward prolongation of the 
general nucleus vestibularis which accompanies the descending root of the nerve. 
i From the cells of the lateral and inferior nuclei axones are given off which form 
reflex paths to the lateral column of the spinal cord (vestibulo-spinal fasciculus, 
[ fig. 571). From both the lateral nucleus and the superior nucleus a special path is 
| given off which passes upwards and:terminates in the nucleus fastigii (cerebelli) of 
| the opposite side and in the nucleus dentatus and the cortex of the vermis. Also, 
fibres arising in the nuclei fastigii are said to terminate in the lateral (Deiters’) nucleus 
in addition to those which descend into the ventral marginal fasciculus of the spinal 
| cord. From the medial and also from the superior nucleus fibres pass to the medial 
| longitudinal fasciculus of both sides, and are distributed to the nucleus of the abducens 
f of the same side and to the nuclei-of the trochlear and oculomotor nerves and of the 
motor portion of the trigeminus of the same and opposite sides. Other fibres arising 
in the vestibular nucleus ascend to the lateral portion of the thalamus. 
Many of the anatomical details of the central connections of the vestibular nerve 
| have not yet been determined with exactness. In addition to whatever other func- 
| tions it may have, it is considered to be the nerve of equilibration, and the connec- 


Fie. 600.—TRANSVERSE SECTION OF MEDULLA AT INFERIOR BORDER OF Pons. 
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tions noted above may be considered t Q nways by which it exercises this function. 
The fibres of the apparatus which ay resented in the spinal cord are supposed to 
j convey impulses to the ventral ho otor) cells of the cord as far down as the lum- 
| bar region. 


(2) The cochlear nerve d oly the auditory nerve proper, arises as the central 


processes of the bipolar eel the spiral ganglion of the cochlea. In the lateral 
periphery of the restifokm ody, just as it enters the pons, the nerve finds its two 
nuclei of termination ,thewfentral nucleus and the dorsal nucleus (tuberculum acusti- 


Gum. fic, 501)... v 

From the dong N leus arise the striw medullares acustici. These bundles, more 
or less inconstg man, pass around the dorsal aspect of the restiform body and 
course jusf r the ependyma, of the floor of the fourth ventricle to the mid-line, 
where th ents turn downwards into the substance of the medulla, and in doing 
so, erosq tothe opposite side and join the lemniscus. As the lemniscus becomes 
higher up into a medial and lateral portion, these fibres course in the lateral 
lemMisyu3 and are distributed chiefly to the grey substance of the inferior quadri- 
imate body of that side. 
'rom the ventral nucleus of termination fibres arise which terminate about the 
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cells of the superior olivary nucleus of the same and opposite sides. "The superior 
olive is a small accumulation of grey substance which lies in the level of the posterior 
portion of the pons, and in line with the much larger inferior olivary nucleus of the 
medulla. However, it is not analogous to the latter in any sense. The two superior 
olives form links in the central acoustie chain. From cells of the superior olivary 
nucleus of the same and opposite sides, fibres arise which pass by way of the lateral 
lemniscus and terminate in the grey substance of the inferior quadrigeminate body 
and in the medial geniculate body, thus connecting these bodies with the ventral 
nucleus of the cochlear nerve of the opposite side. From the medial geniculate body 
fibres arise which pass to the cortex of the superior gyrus of the temporal lobe. This 
path is supplemented by fibres arising in the inferior quadrigeminate body, which 
likewise go to the temporal lobe. In the lateral lemniscus some of the acoustic fibres 
are interrupted by cells of the nucleus of the lateral lemniscus. In crossing the mid- 
line the fibres from the two sources form a more or less compact bundle, the corpus 


Fic. 601.—ScugME SHOWING SOME OF THE CENTRAL CONNECTIONS OF THE Acoustic NERVE. 
(In part after Edinger.) 
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trapezoideum. To this are ; e. crossing between the nuclei trapezoidei, 
smaller masses of grey sys e just ventral to the superior olives. 

Also, some fibres arisige fn the nuclei of termination of the cochlear nerve pass 
to the inferior quadriggmimte body of the same side. On the other hand, the con- 
nection with the mf (o geniculate body is thought to be wholly a crossed one. 
Further, a few Ae) we described as terminating in the superior quadrigeminate 
body of both BN e and the opposite side. 

All the NX arising in the superior olivary nucleus do not enter the corpus 
trapezoidé NN hd the lateral lemniseus. A small bundle, the peduncle of the 
superionolive, arises in each nucleus and courses dorsally to the region of the nucleus 


of th ucens. Here certain of its fibres terminate about the cells of the nucleus 
of t bducens, while others enter the medial longitudinal fasciculus and pass to 


t! nuclei of the trochlear and oculomotor nerves, thus establishing connections 
'een auditory impulses and eye movements. 
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The facial nerve is also composed of two parts. Its larger part is purely efferent 
or motor, while its considerably smaller root or pars intermedia contains for the 
most part sensory fibres. Both the facial nerve and the abducens have their nuclei 
within the level of the pons, though the roots of both appear from under its inferior 
border. 

The nucleus of origin of the motor portion of the facial lies in the ventro-lateral 

region of the reticular formation, in line with the nucleus ambiguus. The axones 
given off by the cells of this nucleus collect into a bundle which, instead of passing 
ventrally : and directly to the exterior, courses at first dorso- mesially up to the mesial 
side of the nucleus of origin of the abducens (ascending root of the facial); then it 
turns and’ courses anteriorly for a few millimetres, parallel with the nucleus of the 
abducens and immediately beneath the floor of the fourth ventricle (genu facialis) ; 
then it again turns abruptly and pursues a ventro-lateral direction to its point of 
exit at the inferior border of the pons, near the entrance of the vestibular nerve. Its 
exit usually involves a few of the pons fibres. In transverse sections through the 
middle of the nucleus of the abducens the genu of the facial appears as a compact, 
transversely cut bundle at the dorso-medial side of this nucleus. 

The pars intermedia (nervus intermedius) of the facial is chiefly afferent or sen- 
sory. It is said to contain efferent secretory (salivary) fibres which arise from cells 
scattered in the reticular formation about the dorsal periphery of the facial nucleus. 
Though in company with the large motor portion during the exit of the latter, yet, 
quite “close to the point of attachment, the pars inter media may frequently be dis- 
tinguished as a separate root. Shortly, however, it becomes intimately united with 
the main trunk. Its afferent fibres arise from the cells of the geniculate ganglion of 
the facial, and from numerous cells scattered within the trunk of the nerve. These 
cells correspond to those of the spinal ganglia, each giving off a single process which 
bifurecates into a peripheral and a central br anch. The central branch finds its 
nucleus of termination in what may be called the mixed lateral sensory area of the 
brain-stem—the region bounded by the nucleus of termination of the vestibular 
nerve, the superior extremity of the nucleus of the solitary tract, and the nucleus of 
termination of the trigeminus. 

The nucleus of origin of the (motor) facial nerve receives impulses from the lower 
portion of the anterior central gyrus of the cerebral cortex by wax of the pyramid, 
which gives off fibres both to the nucleus of the same side anc way of arcuate 
fibres thr ough the raphe to the nucleus of the opposite side. receives fibres 
from the root of the trigeminus, the great sensory nerve oly ace, and from the 
central connections of the auditory nerve. 

The abducens is a small, purely motor nerve, whiclNgWpplies the external rectus 
muscle of the eye. Its nucleus oj origin lies close t mid-line in the medial em- 
inence of the floor of the fourth ventricle, and in ith that of the hypoglossus. 
Its root-fibres pursue a ventral course, inclinj ittle outwards and curving in- 
feriorly to emerge from under the inferior bor he pons. They pass lateral to 
the pyramid, and often between some of x The nucleus receives cortical 
or voluntary impulses by way of the pyr Xy ; chiefly of the opposite side. Its con- 
nection with the auditory apparatus anWwthe medial longitudinal fasciculus has 
already been noted. It probably AO" s afferent impulses through the fibres of 
the trigeminus. 

The trigeminus is consideq: ver than any of the nerves inferior to it, and 
has the most extensive WR hnections of any of the cranial nerves. It is a 
mixed nerve, but, unlike t Q il, its sensory root is the larger (portio major) and its 
small motor root (portio(mig0f) is separate from the main trunk soon after its emer- 
gence. The two roots pe together through the brachium pontis in line with the 
facial nerve, and n Cayeir nuclei in the grey substance underlying the floor of the 
fourth ventricle. 

The ante M 
from the 


y portion serves as the nerve of general sensibility for the face 
f the scalp downwards, and thus it corresponds to the afferent 
fibres no NS or its own motor root, but of all the nerves giving motor supply 
tostruct N ınderlying its domain. Its fibres arise from its large, trilobed, semilunar 
(Gassaulyn) ga nglion, situated outside the brain. "This corresponds to the dorsal root 
gi 1 Mf a spinal nerve, and its cells give off the characteristic T-fibres with periph- 
eal DA central branches. The central or afferent branches upon entering the brain- 
O bifurcate into ascending and descending divisions, just as the entering dorsal 
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root-fibres of the spinal nerves, and find their nucleus of termination in a dorso-lateral 
column of grey substance, w hich consists of the upward continuation of the gelatinous 
substance of Rolando of tlfe spinal cord. Opposite the entrance of the nerve is a con- 
siderably thickened portion of this column of grey substance, known as the sensory 
nucleus of the trigeminus, and the remainder below is called the nucleus of the spinal 
| tract (fig. 599). After bifurcation the branches of the entering fibres of the trigeminus 
| terminate about the cells of these nuclei. The descending branches are much longer 
than the ascending, and in passing downwards form the spinal tract of the trigemi- 
nus, well marked in all transverse sections of the medulla oblongata (figs. 592, 593, 595, 
600). The spinal tract decreases rapidly in descending the medulla, owing to the rapid 
termination of its fibres in the nucleus of the tract. It has been traced as far down as 
the second cervical segment of the spinal cord. The ascending branches being short, 
most of them terminate in the ‘sensory nucleus,’ and, therefore, the upward exten- 
sion of the nucleus of termination of the fifth nerve is both very short and scant. 

The nucleus of origin of the motor root of the trigeminus is also in two parts. 
The principal nucleus lies on the dorso-medial side of the ‘sensor y nucleus,’ a nucleus 
of termination. It gives rise to the greater part of the motor root, and its fibres 
are distributed to the muscles of mastication. Above the principal nucleus and along 
the line of the locus cceruleus extends the nucleus of the mesencephalic (descending) 
root. The cells of this latter nucleus are thinly scattered as high up as the posterior 
commissure of the cerebrum, and the mesencephalic root arising from them gradually 
increases (accumulates) as it passes through the mesencephalon to the superior level 
| of the pons, where it joins the fibres arising in the principal nucleus. 

The distribution of the fibres of the ‘mesencephalic root is not clearly settled. 
Collaterals from some of them are known to terminate about the cells of the principal 
nucleus, and thus an impulse carried by them is not only given a wider distribution, 
but is perhaps reinforced by the interpolation of another neurone. It is thought 
that all of its fibres are not supplied to the muscles of mastication proper: some 
may supply the tensor veli palatini and tensor tympani. (Kolliker. Both nuclei 
receive cortical fibres from the pyramids. 

Axones from the nucleus of termination of the afferent portion of the trigeminus 
are distributed—(1) to the nuclei of its motor portion of the same and opposite sides 
(short or simple reflex fibres); (2) to the nuclei of the motor cyanial nerves; (3) 
to the thalamus of the same and chiefly the opposite side, and f twlg, through inter- 
polation of thalamic cells, their impulses reach the somzsthet& ret of the cerebral 
cortex. These fibres ascend in the reticular formation wag of coursing strictly 
within the lemniscus. Fibres crossing the mid-line ute to the internal 


| 
| 
| 
| 


arcuates. Q 
The internal structure of the pons.— Tlye i and roots of the trigeminus, 
abducens, facialis, and acusticus are contaipe 'hih he level of the pons, and their 


position and course have been described ab&ye. The pons proper (the bridge) con- 
sists of a mass of transversely Fun s continuous on either side into the 
brachia pontis or middle cerebellar cles. In the animal series the relative 
amount of these fibres varies with (yiz of the cerebellum, with which they are 
connected. They are relatively abundant in man than in e animals. 

In transverse sections the es are seen to course ventrally about the main 
axis of the brain-stem, mak possible to divide the dep Do & basilar or 
ventral part and a dorsal, bomentum). The fibres in their transverse and ven- 
tral course around th tlla oblongata involve the pyramids. At the inferior 
border of the pons the Wes little more than separate the pyramids as such from 


the main axis of theGeyin-stem, but more anteriorly the pons fibres pass through the 
pyramids, splitti em into the pyramidal fasciculi. These pyramidal or chief 
longitudinal f fi the pons are the continuation of the basal portion of the cere- 


bral pedur NC Mough the pons, to emerge as the pyramids proper at its inferior 
border. NN occupy an intermediate or central area among the pons fibres, leaving 
the peri UN > of the pons uninvaded. The superficial pons fibres form the solid bundle 
tral and lateral periphery and the deep pons fibres form a similar bundle 
NY nape the area of pyramidal fasciculi. | 
transverse sections through the inferior portion of the pons, the dorsal or 
Quoi part consists of structures continuous with and analogous to the structures of 


STRUCTURE OF THE PONS 811 


the medulla oblongata immediately below, exclusive of the pyramids. In addition, 
this region contains the superior olivary nucleus and the corpus trapezoideum. The 
significance of these structures and their relation to the nucleus of termination of the 


Fra. 603.—DrzAGRAM OF TRANSVERSE SECTION OF INFERIOR PART OF Pons. (Schwalbe.) 
The restiform body, not included, occupies the curved space lateral to the nucleus of 
vestibular nerve. 
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cochlear nerve is shown in fig. 601. In this region the lemniscus (fillet) changes from 
the vertical to the horizontal arrangement, and its lateral edges are becoming drawn 
outwards to form the lateral lemniscus of the regions superior to this. The medial 


(Schwalbe. ) 


MESENCEPHA LI 
SUPERIOR MEDULLARY VELUM LINGULA CEREBELLI OF TRIGEM 


BRACHIUM 
CONJUNCTIVUM 
MEDIAL LONGITUDINAL 
FASCICULUS 
LEMNISCUS 


FOURTH 
VENTRICLE 


RETICULAR 
FORMATION 
LEMNISCUS 


WP TRIGEMINUS 


PYRAMIDAL 
FASCICULI 


TRANSVERSE FIBRES OF PONS 


longitu fasciculus, left alone by the change in the arrangement of the lemniscus, 

| maintMiny it% dorsal position throughout the pons and into the mesencephalon above. 
e Yestiform body acquires in this inferior region a more dorso-lateral position 

Q ithe medulla below. Its fibres are beginning to turn upwards in their course 


| 
j 
| 
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to the cerebellum mesial to the brachium pontis. Here the restiform body is near- 
ing completion, and the fibres now contained in it may be summarised as follows :— 

(1) The fibres of the cerebello-spinal fasciculus (direct cerebellar tract) of the 
same side. 

(2) Fibres from the nuclei funiculi gracilis and funiculi cuneati of the same and 
opposite side (external arcuate fibres). 

(3) Fibres to and from the inferior olives of the same and opposite side (cere- 
bello-olivary fibres). 

(4) Sensory cerebellar fibres from the nuclei of termination of the vagus, glosso- 
pharyngeus, vestibularis, and trigeminus, and from the cells of the reticular for- 
mation. 

(5) Descending fibres to the motor nuclei of these nerves, except that of the 
trigeminus, and fibres descending into the intermediate and anterior marginal 
fasciculi of the spinal cord, the latter being in large part interrupted by cells in the 
nucleus of the vestibular nerve. 

The ascending fibres of the restiform body are distributed to the cortex of the ver- 
mis, the nucleus fastigii, the nucleus dentatus, nucleus emboliformis, and nucleus 
globosus. - 

Very few if any of the fibres ascending the cord in Gowers’ tract enter the cere- 


Fig. 605.—DIAGRAM SHOWING THE RHOMBENCEPHALIC COURSE or GOWERS’ TRACT AND THE 
Direct CEREBELLAR TRACT. 
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bellum by way of the restiform body. Qi tract (the superficial antero-lateral fas- 
ciculus of the spinal cord) ascends tff» medulla, dispersed in the reticular formation, 
and therefore in a more ventral } ðn than that of the direct cerebellar tract. In 
this position it becomes enclos the fibres of the pons, and so it passes upwards 
around the lateral lemniscug e brachium conjunctivum, and there turns back to 
enter the cerebellum by aN of the anterior medullary velum. Certain clinical 
phenomena, probably tra psychological, have been alleged to indicate that some 
of the fibres of GowerXtzgict pass on to the cerebrum instead of turning in the med- 
ullary velum to entr the cerebellum. 

The dorsal pina? a transverse section through the upper part of the pons con- 
tains the bra conjunctiva (superior cerebellar peduncles) instead of the 
restiform boi€ Or inferior peduncles. Instead of the cerebellum forming the roof 
of the fe NC entricle, in this region the roof is formed by the anterior medullary 
velum NN ag the space between the two brachia conjunctiva. Adhering upon the 
medullary’ velum is the lingula cerebelli—the ventral extremity of the superior 
Vey N This is the only portion of the cerebellum attached to this region. 

NO lemniscus (fillet) is found more lateral than at the inferior border of the 


x 


Qv* and is divided into the medial lemniscus and lateral lemniscus proper. The 


teral lemniseus has shifted dorsally until in this region it courses in the dorso- 


STRUCTURE OF THE PONS 813 


lateral margin of the section external to the brachium conjunctivum. The mesen- 
cephalic root of the trigeminus occurs in the dorso-lateral margin of transverse sec- 
tions through this region, and this is the only one of the cranial nerves represented 
here. 

The transverse fibres of the ventral part of the section (pons proper), and there- 
fore the brachia pontis, consist of fibres coursing in opposite directions. Many are 
fibres which are outgrowths of the Purkinje cells of the cortex of the cerebellar 
hemispheres, and pass either directly to the hemisphere of the opposite side or turn 
upwards in the raphe to course longitudinally in the brain-stem both towards the 
spinal cord and towards the mesencephalon. Others terminate in the grey substance 
of the pons. Others are fibres which arise in the grey substance of the pons and pass 
to the cerebellar hemispheres, and still others are the cerebro-pontile fibres, chiefly 
from the temporal lobes. 

The grey substance of the pons (nuclei pontis) occurs quite abundantly. At 
the inferior border of the pons it is found concentrated about the then more ac- 
cumulated bundles of the emerging pyramids, and serial sections show it to be a 


Fic. 606.—DIAGRAM SHOWING CONNECTIONS OF THE FIBRES OF THE Pons. 
The plane of the section is obliquely transverse or parallel with the direction of the brachia pontis. 
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direct upward continuation of the grate nuclei of the medulla oblongata below. 
Higher up it is dispersed throug entral area in the interspaces between the 
transverse pontile and longitudi wramidal fasciculi. A large portion of the nerve- 
fibres passing through it argel it to be interrupted by its ‘cells, which thus serve 
as links in some of the neuffonejchains represented by the fibres of the pons. Of the 
more important of such relats, the following are said to exist :— 

(1) Fibres which ay&eyn the cortex of one cerebellar hemisphere and terminate 
about cells of the nu pontis of the same and opposite side of the mid-line. "These 
cells give off axor ch pass to the other cerebellar hemisphere. In this relation 
the nuclei por SiS os pcc to the arcuate nuclei, save that the cerebellar fibres 
porre SS "mer are connected with the cerebellum by way of the brachia 
pontis astea NO the restiform bodies. 

Nain of the descending cerebro-pontile fibres terminate about cells of the 

Such cells give off fibres which probably, for the most part, pass to 

the ellar hemispheres, the impulses from the cer ebral hemisphere of one side 
pea reyed chiefly to the opposite cerebellar hemisphere. 


| 


| 
| 
| 
| 
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Of the cerebro-pontile paths, the frontal pontile path (Arnold's bundle) is de- 
scribed as arising in the cortex of the frontal lobe, passing in the anterior portion of 
the internal capsule down into the medial part of the base of the cerebral peduncle, 
and terminating in the grey substance of the pons. The descending temporal 
pontile path, sometimes called Türk's bundle, arises in the cortex of the temporal 
lobe, occupies the posterior portion of the internal capsule, lies lateral in the pyramidal 
portion of the cerebral peduncle, and terminates in the grey substance of the pons. 
The total area in transverse section of the pyramidal fasciculi as they enter the pons 
above is eonsiderably greater than that which they possess as they emerge as the 
pyramids of the medulla below. The difference is considered ver y appreciably 
greater than can be explained as due to the loss of pyramidal fibres supplied to the 
nuclei of origin of the cranial nerves lying within the level of the pons, and the ad- 
ditional difference is explained as due to the termination within the pons of the 
cerebro-pontile paths. 


THE CEREBRUM 
THE MESENCEPHALON 


The mesencephalon or mid-brain is that small portion of the encephalon which is 
situated between and connects the rhombencephalon below with the prosencephalon 
above. It is continuous with the isthmus rhombencephali, and occupies the ten- 
torial notch, the aperture of the dura mater which connects the meningeal cavity 
containing the cerebellum with that occupied by the prosencephalon. Its greatest 
length is about 18 mm., and it is broader ventrally than dorsally. Its dorsal surface 
is hidden by the overlapping occipital lobes of the cerebral hemispheres. It consists 
of—(1) the lamina quadrigemina, a plate of mixed grey and white substance which 
goes over lateralwards and below into (2), the cerebral peduncles (crura) and their 
tegmental structures, and it contains (3), the nuclei of origin of the trochlear and oculo- 
motor nerves. It arises from thickenings of the walls of the middle cerebral vesicle 
of the embryo, the lamina quadrigemina arising from the dorsal &r alar lamina of this 
portion of the neural tube, while the basal lamina thicker orm the cerebral 
peduncles. By means of the lamina quadrigemina roofing ref, the neural canal 
throughout the mesencephalon retains its tubular fgr nd is known as the 
aquaductus cerebri (Sylvii), connecting the cavityr&( Me fourth ventricle below 
with that of the third ventricle above. 

External features.—Dorsal surjace.—' The Q 
well-rounded elevations, the corpora quadri 
groove crossed at right angles by a transv )ove. The anterior pair of these, 
the superior quadrigeminate bodies. or super olliculi, are larger though less prom- 
inent than the inferior pair or inferior colPiu?. Each colliculus is continued laterally 
and upwards into its arm or brachium ne inferior brachium proceeds from the 
inferior colliculus, disappears ee) and is continuous into the medial genicu- 
late body, and enters the thala The superior brachium proceeds from the 
superior colliculus, disappears n the medial geniculate body and the overlap- 
ping pulvinar of the thala NS oecomes continuous with the lateral geniculate 
body and thus with the la root of the optic tract. 

The geniculate bogies rounded elevations of grey substance which arise as 
detached portions o&thd thalami, and therefore belong to the thalamencephalon 
rather than to the mes®ficephalon. The superior quadrigeminate body or superior 


a quadrigemina shows four 
a, divided by a flat median 


colliculus and tl ral geniculate body are a part of the optic apparatus, while the 
inferior colli paS id the medial geniculate body belong chiefly to the auditory ap- 


paratus aN om CONNECTIONS OF COCHLEAR NERVE). Just as the cochlear nerve 
is conne ra Ns fibres with the superior colliculus, so do some fibres from the optic 
tract ANM o the inferior colliculus. Also some fibres from the optic tract (mesial 


root) aid to terminate in the medial geniculate body. Resting in the broadened 
međa groove between the superior quadrigeminate bodies lies the non-nervous 
e is or pineal body. This also belongs to the thalamencephalon. Under the 


ed n of the epiphysis is a strong transverse band of white substance crossing the mid- 


.AQ 
SV 


ne as a bridge over the opening of the aqueeductus cerebri into the third ventricle. 


^39 


THE MESENCEPHALON 815 


This is the posterior commissure of the cerebrum, and contains commissural fibres 
arising in both the thalamencephalon and mesencephalon. The triangular area 
bounded by the stem of the epiphysis, the thalamus, and the superior colliculus with 
its brachium, is known as the habenular trigone. 

Inferiorly, the lamina quadrigemina is continuous with the brachia conjunctiva 
or superior cerebellar peduncles, and with the anterior medullary velum which bridges 
between the mesial margins of these pedunclés. 'The narrowed upper end of the 
velum, the part directly below the inferior quadrigeminate bodies, is thickened into 
a well-defined white band known as the frenulum veli. Fromthe lateral margins of 
this band on each side and just below the inferior quadrigeminate bodies emerge the 
trochlear nerves (the fourth pair of cranial nerves), and the increased thickness of 
the band is largely due to the decussation of this pair of nerves taking place within it. 

The brachium conjunctivum, together with the inferior and superior collieuli 
of each side, form a marked ridge which results in the lateral suleus of the mesencepha- 


Fic. 607.—DorsaL SURFACE OF MESENCEPHALON AND ADJACENT Parts. (After Spalteholz.) 
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vase of this ridge and the cerebral peduncle below 
and continuous into the tzan(vdóy3e sulcus of the superior border of the pons. The 
ridge is thickened laterally bythe lateral lemniscus, which is disposed as a band of 
white substance passing oMefiuely upwards from the brachium pontis, applied to the 
lateral surface of tl Gry chium conjunctivum and which enters the lateral margin 
of the mesencepha EN 


lon, a lateral depression betwee 


The ventral ce of the mesencephalon is formed by the cerebral peduncles 
(crura), two% bundles of white substance which are close to one another at the 
superior m NN the pons, but immediately diverge at a wide angle, producing the 
interped NO ar fossa, and in so doing pass upwards and lateralwards to disappear 
beneat e optic tracts (fig. 580). The posterior recess of the interpeduncular fossa 
'"htly under the superior margin of the pons, while its anterior recess is 


m E 
lon by the corpora mammillaria of the prosencephalon. The triangular floor of 


ssa is the posterior perforated substance, a greyish area presenting numer- 
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ous openings for the passage of blood-vessels. It is divided by a shallow median 
groove and is marked off from the inner surface of each peduncle by the oculomotor 
sulcus, out of which emerge the roots of the oculomotor nerves. The ventral sur- 
face of each peduncle is rounded and has a somewhat twisted appearance, indicating 
that its fibres curve from above medianwards and inwards. Sometimes two small, 
more or less transverse bands of fibres may be noted crossing the peduncle—an in- 
ferior, the tenia pontis, and a superior, the transverse peduncular tract. The inferior 
represents detached fibres of the pons; the superior appears to be derived from the | 
quadrigeminate bodies. Since it is well developed in the cat, dog, sheep, and rab- | 
bit, but is absent or little marked in the mole, it is supposed to be concerned with | 
the optic apparatus. 

` Internal structure.—Transverse sections of the mesencepkalon throughout are 
composed of—(1) a dorsal part, consisting of the lamina quadrigemina or the grey 
substance of the corpora quadrigemina, w vith the strata and bundles of nerve-fibres 
connected with them, and the abundant central grey substance surrounding the 
aqueduct; (2) a tegmental part, consisting of the upward continuation of the reticular 
formation of the medulla oblongata and that of the dorsal (tegmental) portion of the ; 
pons region, to which are added the superior cerebellar peduncles and the red nuclei | 


Fic. 608.—DIAGRAM OF LATERAL VIEW or MESENCEPHALON AND ADJACENT STRUCTURES. í 
(After Gegenbaur, modified.) | 
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| of the tegmentum in which these reren (3) a paired ventral part, the 
| cerebral peduncles, each of which consisSww' of a thick, pigmented stratum of grey 


crescentie tract of white substance own as the basis of the peduncle. 
The cerebral peduncles cc NV) to the longitudinal or pyramidal fasciculi of 
the pons and medulla. NN lemniscus and the medial longitudinal fasciculus 


| substance, the substantia nigra, "s upon the large, superficial, and somewhat 
| 
| of the medulla and pons ie through all sections of the mesencephalon. 
| 


i The central grey s Ce is a continuation of the central grey substance of the 
| spinal cord and the similstratum of the medulla and that which immediately under- 
Cy fourth ventricle. As in the spinal cord and medulla, it is 
gtiatinous substance. It is much more abundant in the mesen- 
etions appears as a circumscribed area comparatively void of | 


| lies the ependymae o 
| largely composec 


cephalon, and 

The qN of the mesencephalic root of the trigeminus may likewise be traced 
throughouWNj*e mesencephalon. It consists of a few small bundles of fibres surround- 
ing a 4[Nn strand of nerve-cells of the motor type which give origin to its fibres. It 


co à 
nS Ren at its beginning in the extreme superior part of the mesencephalon, but 
descends towards the exit of its fibres from the pons as a part of the motor root 
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Its nucleus also increases slightly in bulk in Poron DE the region of the principal 
motor nucleus of the trigeminus. The sensory nucleus (nucleus of termination) of 
the trigeminus probal ply does not extend appreciably into the mesencephalon. 

The nuclei of the trochlear d oculomotor nerves form a practically continuous 
column of nerve-cells extending close to the mid-line and ventral to the aqueductus 
cerebri. They are in line with the nuclei of origin of the abducens and hypoglossus, 
and, like them, may be regarded as an upw ard continuation of the ventral group 
of the cells of the ventral horn of the spinal cord. The portion of the column giving 
| origin to the oculomotor nerve is considerably larger than that of the trochlear. 

“A transverse section through the inferior quadrigeminate bodies involves a por- 
tion of the decussation of the brachia conjunctiva and the nuclei of origin of the 
trochlear nerves, while a transverse section through the superior quadrigeminate 


| of the trigeminus, it increases slightly in size, due to the progressive addition of fibres. 
| 
H 
| 
| 
j| 
| 
| 
| 
| 


Fic. 609.—TRANSVERSE SECTION THROUGH THE INFERIOR QUADRIGEMINATE BODIES. 
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bodies passes through the N of the tegmentum and the nuclei of origin of the 
oculomotor nerves. - The(lattg¥*section will also involve the brachia of the inferior 
quadrigeminate bodies an&fie medial geniculate bodies connected with them. 
The trochlear ot th nerve is the smallest of the cranial nerves, and is the 
only one which sa g exit from the dorsal surface of the brain, as well as the only 
one whose fibres rgo a total decussation. Its nucleus of origin is situated be- 
neath the in NN uadrigeminate bodies in the ventral margin of the central grey 
substance, N lose to the mid-line and to its fellow nucleus of the opposite side, 
and it is cloSgl¥ associated with the dorso-mesial margin of the medial longitudinal 
fasciculas Tis fibres pass outwards and dorsalwards, curving around the margin 
of t ‘al grey substance, mesial to the mesencephalic root of the trigeminus. 
fS M ot eurves towards the mid-line in the dorsal region just beneath the inferior 


oue bodies, it turns sharply and courses inferior ly to approach the surface 
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in the superior portion of the anterior medullary velum. In this it meets and under- 
goes a total decussation with the root of its fellow nerve, and then emerges at the 
inner margin of the superior cerebellar peduncle of the opposite side. Having 
emerged, it then passes ventrally around the cerebral peduncle, and thence pursues 
its course to the superior oblique muscle of the eye. 

The oculomotor or third nerve, like the trochlear, is purely motor. It is the 
largest of the eye-muscie nerves. ‘It supplies in all seven muscles of the optic appara- 
tus:—two intrinsic, the sphincter iridis and the ciliary muscle, and five extrinsic. 
Of the latter, the levator palpebree superioris is of the upper eyelid, while the re- 
maining four, the superior, internal, and inferior recti and the obliquus inferior, 
are attached to the bulb of the eye. As is to be expected, its nucleus of origin is 
larger and much more complicated than that of the trochlear nerve. Practically 
continuous with that of the trochlear below, the nucleus is 5 or 6 mm. in length and 
extends anteriorly a short distance beyond the bounds of the mesencephalon into 
the grey substance by the side of the third ventricle. It lies in the ventral part of 
the central grey substance, and is very intimately associated with the medial lon- 
gitudinal fasciculus. Its thickest portion is beneath the summit of the superior 
quadrigeminate body. The root-fibres leave the nucleus from its ventral side and 


Fic. 610.—DIAGRAMS SHOWING THE COURSE OF ORIGIN OF THE TROCHLEAR NERVES. (Stilling.) 


The upper figure shows roughly the entire central course of the fourth nerves ; the lower rep- 
resents their region of exit in transverse section. 
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collect into bundles which pass througWMthe medial longitudinal fasciculus and 
course ventrally to the mesial portio(Mtk the substantia nigra, where they emerge in 
from six to fifteen rootlets which { to form the trunk of the nerve in the oculo- 
motor sulcus. Those bundlegw aise from the more lateral portion of the nucleus 
course in a series of curves on the substance of the red nucleus below and, in the 
substantia nigra, join thos h pursue the more direct course. The trunk thus 
assembled passes outw ae ound the mesial border of the cerebral peduncle. 

A port ia of the fibi the oeulomotor nerve upon leaving the nucleus decussate 
in the tegmentum igsyediate y below and pass into the nerve of the opposite side, 
in which they ar ved to be distributed to the opposite internal rectus muscle. 
The cells of d leus have been variously grouped and subdivided with reference 
to the diffe nuseles supplied by the nerve. Perlia has divided them into eight 
cell-2rot NS »e nucleus may be more easily considered as composed of an infcrior 
anda supWqMrgroup. The inferior group consists of a long lateral portion continuous 

with 4IN nucleus of the trochlear nerve below, and a smaller medial portion, situated 
ien dial plane and continuous across the mid-line with its fellow of the opposite 

idà? The superior group consists of cells of smaller size than the inferior, and is 
Qon as the nucleus of Edinger and Westphal. It is believed to give origin to the 
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fibres which, by way of the ciliary ganglion, supply the two intrinsic muscles con- 
cerned, viz., the ciljary muscle and the sphincter iridis. . 

The nucleus of the oculomotor is connected with the remainder of the optic ap- 
paratus—(1) by way of the neurones of the superior quadrigeminate body with the 
optic tract (retina) and the occipital part of the cerebral cortex; (2) by way of the 
medial longitudinal fasciculus with the nuclei of the trochlear and abducens (the 
latter making possible the co-ordinate action of the external and internal recti for 
the conjugate eye movements produced by these muscles), and with the nucleus of 
the facial (associating the innervation of the levator palpebree with that of the or- 
bicularis oculi); (8) with the nuclei of termination of the sensory nerves, especially 
the auditory, by way of the lemniscus and medial longitudinal fasciculus. It is 
probably connected with the cerebellum by way of the brachia conjunctiva and red 
nuclei. 


Fra. 611—TransversE SECTION THROUGH LEVEL or SUPERIOR QUADRIGEMINATE BODIES. 
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The eminence represe iy le inferior quadrigeminate body proper consists 
of an oval mass of grey substance, the nucleus of the inferior colliculus, containing nu- 
merous nerve-cells, most oMWhich are of small size. A thin superficial lamina of white 
substance, the strat Gyovale, forms its outermost boundary, and fibres from the 
lateral lemniscus sit laterally and from below. Near the lateral margin of the 
central grey sula(anée occurs the beginning of the inferior brachium, a bundle con- 
taining fibregaXerd from the medial geniculate body and the thalamus. 

The 1 s at this level is considered in two parts. The more lateral portion 
of the heri®yMal arrangement assumed in the pons has here spread dorso-laterally, 
and, oc&ęWies a position in the lateral margin of the section, and is known as the 
Se di niscus, while the medial portion which remains practically horizontal 
ifatheN'egmentum is distinguished as the mediallemniscus. (See fig. 609.) Inthe 
Qe portion of the lateral lemniseus occurs a small, scattered mass of grey sub- 
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rupted. 


Fig. 612.—DIAGRAM OF LONGITUDINAL SECTION oF NUCLEUS OF OcULOMOTOR NERVE. 
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body and the thalamus, or WS. rally to terminate in the nucleus of origin of the 

Casa of the lateral lemniscus passes obliquely forwards 
in company with the iXer)»r brachium, and terminates in the medial geniculate 
body. Thus the infgzior quadrigeminate bodies with their brachia and the medial 
geniculate bodies M large portion of the lateral lemniscus are concerned with 
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wn as the 'optic-acoustic reflex path’ (fig. 611). 
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wise from the nuclei of termination of the sensory roots of the cranial nerves. 


stance, the nucleus of the lateral lemniscus, in which many of its fibres are inter- 


The upper and greater portion of the lateral lemniscus with its nucleus belongs 
to the auditory apparatus, being connected with the nucleus of termination of the 
cochlear nerve, chiefly of the opposite side. (See fig. 601.) A large part of the fibres 
of this portion terminate in the inferior quadrigeminate bodies. Many of these enter 
at once the nucleus of the body of the same side, and disappear among its cells; others 
cross the mid-line to the quadrigeminate body of the opposite side. In crossing, 
some pass superficially and thus contribute to the stratum zonale, while others pass 
either through the nucleus or below it and cross beneath the floor of the median 
groove between the stratum zonale and the dorsal surface of the central grey sub- 
| stance, forming there an evident decussation with similar fibres crossing from the 
| opposite side. Most of the fibres arising from the cells of the nucleus of the quad- 
rigeminate body either pass by way of the inferior brachium to the medial geniculate 


Ye remainder of the lateral lemniscus terminates in the nucleus, 
or stratur NN sum, of the superior quadrigeminate body of the same and opposite 
sides. T&A pproach the nucleus from below, and contribute to the well-marked 


i fiDb*es coursing on the dorso-lateral margin of the central grey substance, 


edial lemniscus arises in the medulla oblongata from the nuclei (of term- 
ey of the funiculus gracilis and funiculus cuneatus of the opposite side, and 
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is, therefore, a continuation of the central sensory pathway conveying the general 
bodily sensations into the prosencephalon. In passing the superior quadrigeminate 
body it contributes fibres to its nucleus. The remaining part, coursing still more later- 
ally than below, passes into the hypothalamic grey substance, i in the lateral portion 
of which most of its fibres terminate. From the thalamic region the impulses borne 
thither by the lemniscus are conveyed by way of the internal capsule and corona 
radiata to the gyri of the someesthetic area of the cerebral cortex. 

The basis (pes) pedunculi comprises the great descending pathway from the cere- 
bral cortex, and thus is continuous with the internal capsule of the telencephalon. 
The principal components of each basis pedunculi are as follows:—(1) The pyra- 
midal fibres, which occupy the middle portion of the peduncle and comprise three- 
fifths of its bulk, and which are outgrowths of the giant pyramidal cells of the somes- 
thetic area of the cerebral cortex. These supply ‘voluntary’ impulses to the motor 
nuclei of the cranial nerves, form the pyramids of the medulla, and are distributed 
to the ventral horn cells of the spinal cord. (2) The frontal pontile fibres, which course 
in the mesial part of the peduncle from the cortex of the frontal lobe to their termina- 
tion in the grey substance of the pons. (3) The temporal pontile fibres, which run 
in the lateral portion of the peduncle from their origin in the temporal lobe to their 
termination in the grey substance of the pons. 

The substantia nigra is continuous with the grey substance of the pons and of 
the reticular formation below, and with that of the hypothalamic region above. Its 
remarkable abundance begins at the superior border of the pons, and it conforms to 
the erescentie inner contour of the basis pedunculi, sending numerous processes 
which occupy the inter-fascicular spaces of the latter. It contains numerous deeply 
pigmented nerve-cells, which in the fresh specimen give the appearance suggesting 
its name. Its anatomical significance is not well understood. It is known that 
some fibres of the medial lemniscus terminate about its cells instead of in the 
hypothalamus higher up, and Mellus has found in the monkey that a large portion 
of the pyramidal fibres arising in the thumb area of the cerebral cortex are interrupted 
in the substantia nigra. It is probable that other fibres of the basis pedunculi also 
terminate here. 

The brachia conjunctiva or superior cerebellaf peduncles, in passing from their 
origin in the dentate nuclei, lose their flattened form and enter the pXsencephalon as 
rounded bundles. In the tegmentum, under the inferior colli e two brachia 
come together and undergo a sudden and complete decus Through this 
decussation the fibres of the brachium of one side pass fory. to terminate, most 
of them, in the red nucleus of the tegmentum (nucleus of the opposite side 
(fig. 589). C 

The red nuclei are two large, globular masses erve-cells situated in the 


tegmentum under the superior quadrigeminate . At all levels they are con- 
sider ably mixed with the entering bundles of t hia conjunctiva, and they con- 


tain a pigment which in the fresh conditionggi¥esAhem a reddish colour, suggesting 
their name. They receive in addition degf&ading fibres from the cerebr al cortex 
and from the nuclei of the corpus striat From the cells of each red nucleus 
arise fibres which pass—(1) into the A amus and to the telencephalon (prosenceph- 


alic continuation of the cerebellag gi. and (2) fibres which descend into the 
spinal cord, the ‘rubro-spinal NO the intermediate fasciculus (fig. 571). The 
latter cross from the red nucl Cri opposite side and descend in the tegmentum. 


The red nuclei are also in r 1 with the jasciculus retroflexus of Meynert, which 
belongs to the inter-brajr e) 

The superior quadrigeminate bodies (superior colliculi) are phylogenetically 
more important thagethe"inferior. In certain of the lower vertebrates they are 
enormously develof o in most of the mammals they are relatively larger and ap- 
pear more compli in structure than in man. They are concerned almost wholly 
with the vis: aratus. 

The m »f the superior colliculus is of somewhat greater bulk than that of 
the DN is capped by a strong stratum zonale (fig. 611), which has been described 

; chiefly of retinal fibres, passing to it from the optic tract by way of the 
supe rachium, but, since Cajal found in the rabbit that extirpation of the eye is 
1 By very slight degeneration of the stratum zonale, it is probable that it is com- 
sed'of other than retinal fibres— possib ly fibres from the occipital cortex and fibres 

"ng within the nucleus itself. The nucleus is separated from the central grey 
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substance by a well-marked band of fibres, the stratum album profundum. This con- 
tains fibres from two sources:—(1) fibres from the lateral and medial lemnisci, which 
approach the nucleus from the under side, some to terminate within it, others to cross 
to the nucleus of the opposite side; (2) fibres which arise within the nucleus and course 
ventrally around the central grey substance, both to terminate in the nucleus of the 
oculomotor nerve and to join the medial longitudinal fasciculus and pass probably to 
the nuclei of the trochlear and abducens. The optic fibres proper approach the 
nucleus by way of the superior brachium, and are dispersed directly among its cells; 
only a small proportion of them cross over to terminate in the nucleus of the opposite 
side. They consist of two varieties:—(1) retinal fibres which arise in the ganglion- 
cell layer of the retina and enter the superior brachium at its junction with the lateral 
root of the optic tract, and (2) fibres from the visual area of the occipital lobe of the 
cerebral hemisphere. Sometimes the optic fibres in their course within the nucleus 
of the superior colliculus form a more or less evident stratum near the stratum album 
profundum. This is known as the stratum opticum (stratum album medium). The 
portion of the nucleus between this stratum and the stratum zonale is called the 
stratum cinereum. 

The fibres entering the nucleus from the lateral lemniscus probably all represent 
auditory connections. The stratum album profundum, composed of the lemniscus 
fibres and fibres from cells of the nucleus and the stratum opticum together, form the 
so-called ‘optic-acoustic reflex path’ (fig. 611). 

From the various studies that have been made it appears that the superior col- 
liculus of the corpora quadrigemina is merely the central reflex organ concerned in 
the control of the eye muscles—eye muscle reflexes which result from retinal and coch- 
lear stimulation. Fibres from its nucleus to the visual area of the occipital cortex 
have been claimed for certain mammals, but in man the superior colliculus may be 
entirely destroyed without disturbance of the perception of light or color. 

In the level of the anterior part of the superior colliculus the fibres which arise from 
the cells of its nucleus and course ventrally in the stratum album profundum collect 
intoastrong bundle. This bundle passes ventral to the medial longitudinal fasciculus 
and, in the space between the two red nuclei, it forms a dense decussation with the 
similar bundle from the opposit® side. In decussating the fibres turn in spray-like 
curves downwards and soon join the medial longitudinal faseiquNus. This is the 
‘fountain decussation.’ (Forel.) 

There is abundant evidence that fibres arising in the cop sD quadrigemina de- 
scend into the spinal cord. Various studies make it appeay 
are fibres from the fountain decussation, and that these f@&u%e through the medulla 
oblongata in the ventral part of the medial longitudinal fayNculus, and thence descend 
into the cord, probably no further than the cervic Zion, in the ‘quadrigemino- 
thalamus path' (fig. 571). Thetermination of thes ossed fibres about those ventral 
horn cells of the cervical cord which send fi rough the rami communicantes 
probably establishes the pathway by whicleth® oerior quadrigeminate bodies, and 
indirectly the retina, are connected with cervical sympathetie ganglia, and by 
which may be explained the o, oupillary contraction induced by lesions 
of the lower cervical cord. 


at least part of these 


T 


The medial geniculate body anc Special root of the optic tract, which runs into 
the former, probably have sha? jo with the functions of the optic apparatus. 


Both remain intact after exti 
is apparently nothing more 
passing by way of the o 
with that of the other : 

The medial longitu 


By the eyes. The medial root of the optic tract 
ms beginning of Gudden's commissure, a bundle 
ct, connecting the medial geniculate body of one side 


al fasciculus (posterior longitudinal fasciculus) is con- 


tinuous with the te&l fasciculus proprius and the suleo-marginal fasciculus of the 
spinal cord, ext iWhroughout the rhombencephalon and mesencephalon, and is 


represented NN iypothalamie region of the prosencephalon. Deserted by the 
lemniscus NS inferior border of the pons, it maintains its closely medial position 
and cou iroughout in the immediate ventral margin of the central grey sub- 
stance central canal and floor of the fourth ventricle, and likewise in the 
ventre Margin of the central grey substance of the mesencephalon. "The two fasci- 
euM cansgtitute the principal association pathways of the brain-stem, and, true to 
eir'nature as such, they are among the first of its pathways to acquire medulla- 

In the mesencephalon they become two of its most conspicuous tracts, and 
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their course, in most intimate association with the nuclei of origin of the nerves 
supplying the eye muscles, suggests what is probably their most important func- 
tion, viz., that of associating these nuclei with each other and of bearing to them 
fibres from the nuclei of the other cranial nerves necessary for the co-ordinate action 
of the muscles of the optic apparatus associated with the functions of these other 
nerves. 

Fibres from each medial longitudinal fasciculus terminate either by collaterals or 
terminal arborisations about the cells of the motor nuclei of all the cranial nerves, 
and each nucleus probably contributes fibres to it. It also receives fibres from the 
nuclei of termination of the sensory nerves. Thus it contains fibres coursing in both 
directions, and, while it is continually losing fibres by termination, it is being con- 
tinually recruited and so maintains a practically uniform bulk. Thus, a given lesion 
never results in its total degeneration. Many of the fibres coursing in it arise from 
the opposite side of the mid-line. A special contribution of fibres of this kind is re- 
ceived by way of the fountain decussation from the nucleus of the superior colliculus 
of the opposite side. As noted above, it is in part continuous into the spinal cord. 
It receives some fibres by way of the posterior commissure of the prosencephalon 
from a small nucleus common to it and the posterior commissure situated in the 
superior extension of the central grey substance of the mesencephalon. Van Gehuch- 
ten and Edinger describe for it a special nucleus situated beyond this commissure 
in the hypothalamic region. This nucleus may be explained as receiving impulses 
from the structures of the prosencephalon which are distributed to the structures 
below by way of the fasciculus longitudinalis medialis. 

As frequently realized in the above, the structures of the mesencephalon are both 
overlapped by, and are of necessity functionally continuous with, the structures of 
the next and most anterior division of the encephalon, the prosencephalon. 


THE PROSENCEPHALON 


The prosencephalon or fore-brain includes those portions of the encephalon 
derived from the walls of the anterior of the three embryonic brain-vesicles. In its 
adult architecture it consists of—(1) the diencephalon (interb ), comprising 
the thalamencephalon or the thalami and the structures derived fxg 2N immediately 
adjacent to them, and, in addition, the mammillary portion e hypothalamie 
region; (2) the telencephalon (end-brain), comprising theOPtic portion of the 
hypothalamic region and the cerebral hemispheres progf * The last mentioned 
consist of the entire cerebral cortex or superficial Y ‘ey substance, including 
the rhinencephalon, and also the basal ganglia or burid lei (cor pus striatum), to- 
gether with the tracts oft white substance connecte D} and associating the different 
regions of the hemispheres with each other a the structures of the other 
divisions of the central system. S 


EXTERNAL FEATURES A PROSENCEPHALON 


The diencephalon.—The NO e of this division of the brain consists of only 
the mammillary portion of NÉ Orr amic region. This comprises—(1) the cor- 
pora mammillaria (albicanj NO, two rounded projections situated in the ante- 


rior part of the interpedugen My Jossa, and (2) the posterior perforated substance or 

the small triangle of gre& substance forming the floor of the posterior part of the 

third ventricle, and which Tépresents numerous openings for the passage of branches 

of the posterior NA wteries (fig. 616). The hypothalamic portions of the cere- 

bral peduncles mig included. The structures of the optic or remaining portion 
of the hypothalgm belong to the telencephalon. 

The dor, NN jace of the A au is completely overlapped and hidden by 
the Pii, h, and covered by the intervening ingrowth of the cerebral meninges, 
the tela ghOWoidea of the third ventricle (velum interpositum). "These removed, 
it is seem: bat the thalami are by far the most conspicuous objects of the diencephalon. 
e@her with the parts develo} ved in connection with them, are distinguished 


athe” thalamencephalon. The th a alon consists of—(1) the thalami; 
e metathalamus or geniculate botlies; and (3) the epithalamus, comprising the 


^ 
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epiphysis with the posterior commissure below it and the habenular trigone on its 
either side. 

The thalami are two ovoid, couch-like masses of grey substance which form 
the lateral walls of the third ventricle. The cavity of the ventricle is narrow, and 
quite frequently the thalami are continuous through it across the mid-line by a 
small but variable neck of grey substance, the massa intermedia or middle commis- 
sure. The upper surfaces of the thalami are free. The edges of the tela chorioidea | 
of the third ventricle are attached to the lateral part of the surface of each thalamus, 
and, when removed, leave the tenia chorioidea lying in the chorioidal sulcus. Each 
thalamus is separated laterally from the caudate nucleus of the telencephalon, by 6 
a linear continuation of the white substance below, known as the stria terminalis 


Fic. 613.—DorsaL SURFACE or DIENCEPHALON WITH ADJACENT STRUCTURES. 
(After Obersteiner.) 
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(tenia semicirculariy Ake the quadrigemina, each.thalamus is covered by a thin 
'apsule of white 3 nce, the stratum zonale. The average length of the thala- 
mus is about NT) y, and its width about 14 mm.; its inferior extremity is directed 
obliquely ev The dorsal surface usually shows four eminencés, indicating 
the posi d so-called nuclei of the thalamus: These are the anterior nucleus 
or anter NN wre the medial nucleus or tubercle, the lateral nucleus, and the pul- 
vinar, {he tubercle of the posterior extremity. The pulvinar of the human brain ^ 
iS r in the fact that it is so developed as to project inferiorly and slightly over- 
1a mw Jtlfe level of the quadrigeminate bodies. The projecting portion assumes 


ations with the optic tract and the metathalamus. 
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Both the structures of the metathalamus, the lateral and medial geniculate 
bodies, are connected with the optic tract. As this tract curves around the cerebral 
peduncle it divides into two main roots. The lateral geniculate body receives a large 
portion of the fibres of the lateral root of the optic tract; the remainder pass under 
this body and enter the pulvinar of the thalamus. The medial geniculate body is 
connected with the medial root of the optic tract, which root consists largely, not 
of retinal fibres, as does the lateral root, but of the fibres forming Gudden’s com- 
missure (the inferior cerebral commissure). 

Of the epithalamus, the epiphysis (pineal body, conarium) is the most con- 
spicuous external feature. This. is an unpaired, cone-shaped structure, about 7 
mm. long and 4 mm. broad, which also projects upon the mesencephalon so that 
its body rests in the groove between the superior quadrigeminate bodies. Its stem 


Fic. 614.—DissEcTION or BRAIN SHOWING METATHALAMUS AND PULVINAR WITH ADJACENT 
STRUCTURES. 
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is attached in the mid-line at the jor extremity of the third ventricle, and there- 
fore just above the posterio INN iSS$ure of the cerebrum (fig. 607). It is covered 
by pia mater, and is enclosed NP continuation of the tela chorioidea of the third ven- 
tricle. Though it develgpeXaga diverticulum of that portion of the anterior primary 
vesicle which gives origWn tŷ the thalamencephalon, it is wholly a non-nervous struc- 
ture, other than the e athetie fibres which enter it for the supply of its blood- 


vessels. - 


It consists of £ Qs capsule of fibrous tissue (pia mater) from which numerous septa pass 
inwards, dividing We interior into a number of intercommunicating compartments filled with 
epithelial (e N al) cells of the same origin as the ependyma lining the ventricles and aqueduct 
below. Af hese cells are frequently found small accretions (brain-sand, acervulus cerebri), 
consisting oÑpfixed phosphates of lime, magnesia, and ammonia and carbonates of lime. The 
compartments form a closed system. In function the epiphysis ranks as one of the glands 
of ip ges secretion of the body, and it is often referred to as the ‘pineal gland.’ 


Ai parently arising from the base of the epiphysis, but having practically nothing 
o with it, are the striæ medullares of the thalamus (striæ pineales, pedunculi 
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conari). These are two thin bands of white substance which extend from the 
epiphysis anteriorly upon the thalamus, along the upper border of each lateral wall 
of the third ventricle, and thus form the boundaries between the dorsal and mesial 
i surfaces of each thalamus. They have been called the habenule, from their relation 
| to the habenular nucleus, situated in the mesial grey substance below their lower 
ends. They are continuous across the mid-line in the habenular commissure, just 


| below the neck of the epiphysis, and between it and the posterior cerebral commis- 
| sure (figs. 582 and 613). 
The ventro-lateral surface of the thalamencephalon is continuous into the hypo- 
| thalamic tegmental region, the upward continuation of the tegmental grey sub- 
| stance of the mesencephalon. It is also adjacent to a portion of the internal cap- 
sule. Both these relationships, as well as the fibre connections of the diencephalon 
| with the structures above and below it, are deferred until the discussion of the inter- 
nal structure of the prosencephalon. 
The mesial surface of the diencephalon allows a better view of the shape and 
relations of the third ventricle. Below the line of the massa intermedia the ven- 


Fig. 615.—MESIAL SECTION OF ENTIRE BRAIN, SHOWING MESIAL SURFACE OF DIENCEPHALON 
AND TELENCEPHALON. (After Henle.) 
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triele is usually somewhat wi 954 is along the upper margins of the thalami. 
This greater width is MA by a groove in the ventromesial surface of each 


line of this sulcus that “rd ventricle is continuous with the aqueductus cere- 


thalamus, known as m. S by a “sulcus (suleus of Monro). It is along the 
1e 
bri, and thus with the ‘th Marita le below, and, likewise, with the two lateral 


ventricles of the ee ral hemispheres at its anterior end. The latter junction 
occurs through : oblique pner the interventricular foramen (foramen 
of Monro), onga each nee al ventricle. The dorsal or upper portion of the 


third RAN xtends posteriorly beneath its tela chorioidea (velum interpositum) 
to form as posterior recess about the epiphysis. This is known as the supra- 
pineal AN The anterior and ventral extremity of the third ventricle involves 
sWptica hypothalami, which belongs to the telencephalon. 

TELENCEPHALON.—External features.— The optic portion of the 


- : : SATIRE AA Po 
alon which includes and surrounds the optic chiasma, and comprises the 


ga ‘alamus consists of that small central area of the basal surface of the telen- 
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structures of the floor of the anterior and ventral portion of the third ventricle. 
The area extends anteriorly from the corpora mammillaria in the interpeduncular 
fossa, and includes the tuber cinereum and hypophysis behind the optic chiasma, 
and some of the anterior perforated substance in front of it. 

The most anterior portion of the third ventricle is in the form of a ventral ex- 
tension. The wall of this portion is almost wholly non-nervous and quite thin, 
and thus the cavity of the ventricle is but thinly separated from the exterior of the 
brain. The front portion of this wall is the lamina terminalis and in the ventri- 
cular side of the dorsal part of this lamina the anterior commissure of the brain 


Fig. 616.—VENTRAL AsPECT OF BRAIN-STEM INCLUDING MAMMILLARY AND OPTIC PORTIONS 
OF THE HYPOTHALAMUS. 
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is apparent. The oh Phiasma lies across and presses into the lower portion of 
the lamina eu) nd in so doing produces an anterior recess in the cavity of 
the ventricle kr 4s the optic recess. The posterior and most evident part of 
this portior > wall of the third ventricle bulges slightly, giving the outward 
EEEE NN Wn as the tuber cinereum, and the cavity bounded by this termin- 
ates in the infundibular recess. 

Th er cinereum then is.a hollow, conical projection of the floor of the third 
venti etween the corpora mammillaria and the optic chiasma. Its wall is 
cqg&inuous anteriorly with the lamina terminalis and laterally with the anterior 

rated substance. 


. In mixtures containing orange G and fuch 
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The infundibulum is but the attenuated apex of the conical tuber cinereum, 
and forms the neck connecting it with the hypophysis. It isso drawn out that it is re- 
ferred to as the stalk of the hypophysis. The cavity of the tuber cinereum (in- 
fundibular recess) is sometimes maintained throughout the greater part of the length 
of the infundibulum, giving it the form of a long-necked funnel. Near the hypo- 
physis the cavity is always occluded. 

The hypophysis cerebri (pituitary body or gland) is an ovoid mass terminating 
the infundibulum. It lies in the sella turcica of the sphenoid bone, where it is held 
down and roofed in by the diaphragma selle, a circular fold of the dura mater. It 
consists of two lobes, a large anterior lobe, the glandular or buccal lobe, and a smaller 
posterior or cerebral lobe. The posterior lobe is enclasped in a concavity of the an- 
terior lobe. , | 


Development.—The posterior or cerebral lobe alone is originally continuous with and a part 
of the infundibulum. It alone represents the termination of the hollow diverticulum which, 
in the embryo, grows downwards from that part of the anterior cerebral vesicle which later 
becomes the third ventricle. The original cavity afterwards becomes obliterated except in the 
upper part of the infundibulum. It is, therefore, of cerebral origin. The anterior or buccal 
lobe arises quite differently. It is developed from an upward tubular diverticulum (Rathke’s 
pouch) of the primitive buccal cavity. In the higher vertebrates, including man, its connection 
with the buccal cavity becomes obliterated as the cartilaginous base of the cranium is consolidated, 
but in the myxinoid fishes the connection remains patent in the adult. Cut off within the 
cranial cavity, the embryonic buccal lobe assumes its intimate association with the cerebral 
lobe. In about the second month of fetal life it begins to develop numerous secondary diverticula 
which become the epithelial compartments evident in the adult human subject. 


Fic. 617.—DrAGRAMS OF THE HypopHysis CEREBRI. (After Testut.) 
A, posterior surface; B. transverse section; C, sagittal section; 1, anterior lobe; 2, posterior 
lobe; 3, infundibulum; 4, optic chiasma; 5, infundibular recess; 6, optic recess. In C the 
infundibulum is relatively much shorter than in the actual specimen. 


Structure.—The posterior or cerebral lobe retains nd adic structure. It may be said 
to consist of a mass of neuroglia and other fibrous cor iYe tissue with the cells belonging to 
these and a moderate supply of blood-vessels. T or or glandular lobe is probably the 
functional part of the organ. In addition to its yt ' supporting tissue, it consists of com- 
partments lined with two kinds of cuboidal c@Js s of different size and different staining 
properties. The principal or more numerous cef are smaller, with thickly granular cytoplasm. 

ey ese cells stain orange, while the chromophile 
cells, the larger and less numerous variety, tak®=the fuchsin deeply. The compartments have an 
abundant blood supply. 

Like the epiphysis, the hypophys 
secretion. In the case of giants andy 
cells inerease greatly in number 


$t be regarded as glandular—a gland with internal 
megaly it is usually greatly enlarged. The principal 
val of the thyreoid body. 


The optic nerve is d from this portion of the telencephalon, though the 
nuclei of termination 6f it*fibres are chiefly in the thalamencephalon and mesen- 
cephalon. The optic aratus consists of the retine and optic nerves, the optic 
chiasma, the optig ts, the superior quadrigeminate bodies with their connections 
with the nuclei We eye-moving nerves, the metathalamus, the pulvinar of the 
thalamus, ang visual area of the occipital lobe of the cerebral cortex. The 
fibres of t QN nerves arise from the cells of the ganglion-cell layer of the retinze. 
The fib SS arise in the mesial or nasal halves of each retina cross the mid- 
line to N heir nuclei of termination in the central grey substance of the opposite 
side, While those from the outer or lateral halves terminate on the same side. 
ptic chiasma (optie commissure) is functionally independent of the struc- 
of the optie portion of the hypothalamus adjacent to it. It is formed by the 


tu 
Cdpproach and fusion of the two optic nerves, and is knit together by the decussating 


" 
i 


THE OPTIC TRACTS 829 
fibres from the nasal halves of each retina, and, in addition, by the fibres of Gudden's 
commissure which is contained in it. i 

Beyond the chiasma the optic fibres continue as the optic tracts which course 
posteriorly around the cerebr al peduncles to attain their entrance into the thalamen- 
cephalon and mesencephalon. Upon reaching the pulvinar of the thalamus each 
optie tract divides into two roots, a lateral and mesial. The lateral root contains 
practically all of the true visual fibres— fibres arising from the lateral half of the re- 
tina of the same side and the nasal half of the retina of the opposite side. These 
fibres are distributed to three localities:—(1) perhaps the greater portion terminate in 
the lateral geniculate body; (2) a portion pass over and around the lateral geniculate 
body and enter the pulvinar; (3) a consider able portion enter the superior quadrigemi- 
nal brachium and course in it to terminate in the nucleus of the superior quadrigemi- 
nate body. The most evident function of this latter portion is to bear impulses 


Fic. 618.—D1IAGRAM OF THE PRINCIPAL COMPONENTS OF THE OPTIC APPARATUS. (After 
Cunningham.) 
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Se quadrigeminate body, are distributed to the 


àr, and abducent nerves, and thus mediate eye- 
moving reflexes. The ce he lateral geniculate body and the pulvinar, about 
which the retinal fibres tenate, give off axones which terminate in the cortex of 
the visual area, chiehyGepy cuneus, ot the occipital lobe. In reaching this area they 
eurve upwards and N vards, coursing in a compact band of white substance known 
as the optic rad} (radiatio occipito-thalamica, fig. 643). Some of the fibres 
of the optic NNjión probably arise also in the superior quadrigeminate body. It 
also is in l: NS rt composed of fibres arising from the cells of the occipital cortex, 
which pags awe Yn the cortex to the pulvinar, superior quadrigeminate bodies, and 
possiblyag\me to the medulla oblongata and spinal cord. 
T ekal root of the optic tract contains few, if any, true visual fibres. It runs 
th®Medial geniculate body, and neither it nor this body are appreciably affected 
af extirpation of both eyes. It may be considered as wholly representing 


which, by way of the neur one 
iacet. of the oculomotor, JA 
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tae fibres of Gudden’s commissure (inferior cerebrai commissure). This com- 
missure consists of fibres which connect the medial geniculate bodies of the two 
sides with each other, and which, instead of crossing the mid-line through the mesen- 
‘ephalon, course in the optic tracts and cross by way of the posterior portion of 
the optic chiasma. It consists of fibres which both arise and terminate in each of 
the bodies, and, therefore, of fibres coursing in both directions. 


THE CEREBRAL HEMISPHERES 


The cerebral hemispheres in man form by far the largest part of the central 
nervous system. Together, when viewed from above, they present an ovoid surface, 
markedly convex-upwards, which corresponds to the inner surface of the vault of the 
cranium. The greatest transverse diameter of this surface lies posteriorly in the 
vicinity of the parietal eminences of the cranium. The outline of the dorsal aspect 
varies according to the form of the cranium, being more spheroidal in the brachyz 
cephalic and more ellipsoidal in the dolichocephalic forms. The hemispheres are 
separated from each other dorsally by a deep median slit, the longitudinal fissure, 
into which fits a duplication of the inner layer of the dura mater known as the falx 
cerebri. The posterior or occipital extremities of the hemispheres overlap the cere- 
bellum, and thus entirely conceal the mesencephalon and thalamencephalon. They 
are separated from the dorsal surface of the cerebellum and the corpora quadrigemina 
by the deep transverse fissure. This is occupied by the tentorium cerebelli, which is 
similar to and continuous with the falx cerebri and is connected with the tela chori- 
oidea of the third ventricle below. 

Each of the hemispheres is usually described as having three poles or projecting 
extremities, and three surfaces bounded by intervening borders. The most anterior 
projection is the frontal pole. This is near the mid-line, and with its fellow of the 
other hemisphere, forms the frontal end of the ovoid contour of the cerebrum. The 
occipital pole is the most projecting portion of the posterior and inferior end, and is 
more rounded and thus not so near the mid-line as the frontal pole. The ventro- 
lateral portion of the hemisphere is separated anteriorly by the deep lateral fissure 
(fissure of Sylvius) into.a distinct division, the temporal lobe, and tke anterior portion 
of this lobe projects prominently forwards and is known as th poral pole. 

The surfaces of the hemisphere are—(1) the dorso-later convex surface; (2) 
the medial surface; and (3) the basal surface. The cony urface comprises the 
entire rounded aspect of the, hemisphere visible previog M manipulation or dissec- 
tion, and is the surface subjacent to the vault of the jtm. The mesial surface is 
perpendicular, flat, and parallel with that of the oth Denisphere the two bounding 
the longitudinal fissure and for the most par ontact with the falx cerebri. 
'The superomesial border intervenes betwe 'onvex and medial surfaces, and 
is thus convex and extends from the frontal e occipital pole. 

The more complex basal surface fits iK the anterior and middle cranial fosse, 
and posteriorly rests upon the EG belli. Thus it is subdivided into— (a) 
an orbital area, which is slightly pi o, sthce it is adapted to the orbital plate of the 


frontal bone, and is separated frome convex surface by the necessarily arched 
superciliary border and from tl ial surface by the internal orbital border, the 
latter being straight and extend m the frontal pole mesial to the olfactory bulb 
and tract; (b) a tentorial are urface, which is arched in conformity with the dorsal 
surface of the cerebellu is is separated from the convex surface by the infero- 


lateral border, which(rurp from the occipital to the temporal pole; and from the 
mesial surface by tbe imÉrnal occipital border, which is a more or less rounded 
ridge extending fra&Ae occipital pole obliquely upwards in the angle formed by the 
junction of the Yendicular falx cerebri and the horizontal tentorium cerebelli. 
This border ise seen in brains which have been hardened with the membranes 
qnm stu.) Cinder of the basal surface includes the optic portion of the hypo- 
thalamu? NM considered, and the small depressed and punetate area, the anterior 
perfor VAN inae which is penetrated by the antero-lateral group of the central 
branekNs of the anterior and middle cerebral arteries and into which the striz of the 
o ry trigone disappear. In addition to the orbital area the basal surface of the 

em¥sphere shows signs of the impress of the petrous portion of the temporal bone and 

he great wing of the sphenoid. 
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The corpus callosum.—In their early development as lateral dilations of the 
anterior primary brain-vesicles, the hemispheres are connected with each other 
only at the anterior end of the thalamencephalon, where they are both continuous 
with the lamina terminalis. As development proceeds and the hemispheres extend 
upwards, backwards, forwards, and laterally to completely conceal the base, and as the 
pallium thickens and its folds begin to appear, the two hemispheres become united 
acrossthe mid-lineabovethethalamencephalon and the third ventricle by the formation 
of the great cerebral commissure, the corpus callosum. After removal of the falx 
cerebri from the longitudinal fissure, the dorsal surface of the corpus callosum may be 
exposed by drawing apart the contiguous mesial surfaces of the hemispheres. It con- 
sists of a dense mass of pure white substance cour sing transversely, and arises as out- 
growths from the cortical cells of both hemispheres. Thus itis the great pathway which 
associates the cortex of the two sides of the telencephalon. Only the smaller medial 
portion of the body lies free in the floor of the longitudinal fissure, by far the greater 
part being concealed in the substance of the hemispheres, where its fibres radiate toand 
from different localities of the pallium, forming the radiation of the corpus callosum. 


` Its surface shows numerous transverse markings, the transverse strie, which indicatethe 


Fig. 619.—MEsIAL AND TENTORIAL SURFACES OF RIGHT CEREBRAL HEMISPHERE, VIEWED FROM 
THE LErr. (After Toldt, Atlas of Human Anatomy," Rebman, London and New York.) 
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course of its component bundles of fibres KD non there may be seen two delicate, 
'ariable longitudinal bands running oy : surface on each side of the mid-line. The 
medial longitudinal stria runs clos the median plane, around the anterior end 
into the gyrus subeallosus (fig. 680 41& ver the posterior end downwards and lateral- 
wards to connect with the hip pal gyrus of the base of the telencephalon. The 
lateral longitudinal stri delicate than the mesial stria, and courses lateral- 
wards, and can only be sgen wrthin the sulcus of the corpus callosum (fig. 620). 

When severed along t edian plane, it may be seen that the anterior margin of 
the corpus callosumeigGegned abruptly downwards, forming the genu, and that this 
turn continues, so eq We tapering edge of the body points posteriorly and constitutes 
the rostrum a ON 619). The rostrum is in contact with the lamina terminalis 
of the E QNS dete below by a short, thin, dorso-frontal continuation of this lamina, 
known as N tral lamina. The rostral lamina may be considered as beginning 
at the aoe cerebral commissure with the anterior aspect of which it is in contact, 
and exág King to the rostrum. Beginning with the rostrum and genu, the corpus 
cally rches backwards as the body of the corpus callosum, and ends over the 
cfr Gander mani in its rounded, thickened posterior margin, the splenium. It 
CSrunded above by the sulcus of the cor pus callosum, and, attached to its concave 
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inferior surface, are the tela chorioidea of the third ventricle, the fornix, the septum 
pellucidum, and the medial walls of the lateral ventricles. | 

Each cerebral hemisphere includes— (1) a superficial and much folded mantle 
or pallium, divided into lobes and gyri, and consisting of grey substance, the cortex, 
covering an abundant mass of white substance; (2) a modified portion, the rhinen- 
cephalon, having especially to do with the impulses brought in by the olfactory nerve; 
(3) à cavity, the lateral ventricle; and (4) a buried mass of grey substance or basal 
ganglia which together with the internal capsule of white substance, is known as the 
corpus striatum. 

Gyri, fissures, and sulci.—The cerebral pallium is thrown. into numerous and 
variable folds or gyri (convolutions). These are separated from each other by corre- 
sponding furrows, the deeper and most constant of which are called fissures; the re- 
mainder, sulci. All the fissures and the main sulci are named. There are, however, 
numerous small and shallow sulci to which names are seldom given. These occur 
as short branches of main sulci or as short, isolated furrows bounding small gyri 
which connect adjacent gyri. These small gyri are likewise seldom given individual 


Fic. 620.—D1aGRaM OF CONVEX SuRFACE OF RIGHT CEREBRAL HEMISPHERE AND PART OF 
UPPER SURFACE OF Corpus CALLOSUM. 
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names. They are very variable b 
spheres of the same specimen. C 
Certain groups of them are nam 
lateral occipital gyri. Even N 

Some of the main and degy 


ively, they are the so-called gyri transitivi. 

ding to their locality, such as orbital gyri and 
ain gyri (and sulci) are very irregular in detail. 
Bures are considerably deeper than others. Some are 
infoldings of the grey cfte O deep that a portion of their course may be indi 'ated 
as slight bulgings in théwlls of the lateral ventricles, e.g., the hippocampal and 
collateral fissures. e jle the general surface pattern is similar for all normal human 
brains, yet when ; filed comparison is made, the given gyri of different specimens 
are found to vgwNaleatly. Neither are the main gyri of the two hemispheres of the 
same braingéx& entirely alike. 


A different specimens and in the two hemi- 


Origin N e Gyri.—The gyri (and sulci) are the result of processes of unequal growth— 
folds ne&essaly resulting from the surface portion of the hemispheres increasing much more 
rapic i the central core. In the early periods of fetal life the surfaces of the hemispheres 
are dmooth. In many of the smaller mammals this condition is retained throughout life, 

t inthe larger mammals, including man, as development proceeds the cerebral cortex becomes 
wn into folds. The absolute amount of the grey substance of the hemispheres varies with 
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the bulk of the animal, and apparently with its mental capabilities. This is especially true of 
the cortex, for in the larger brains, and that of man especially, by far the greater amount of the 
cerebral grey substance lies on the surface. ‘Therefore, in either the growth or evolution of a 
small animal into a large one the amount of cerebral grey substance is increased, and in this 
increase the surface area of the brain is necessarily enlarged. It is a geometrical law that in the 
growth of a body the surface increases with the square, while the volume increases with the 
cube of the diameter. ‘The cerebral hemisphere is a mass the increase of whose volume does not 
keep the required pace with the increase of its surface area or cortical layer. The white sub- 
stance which forms the pallium arises in large measure as outgrowths from the cells of the 
cortical layer, and thus it can only increase in a certain proportion to the grey substance. 
Therefore, the surface mantle of grey substance of a hemisphere, enlarged in accordance with an 
increased bulk of body, is greater than is necessary to cover the surface of the geometrical figure 
formed by the combined white and grey substance. Consequently, in order to possess the 
preponderant amount of grey substance, the surface of the hemisphere is of necessity thrown 
into folds. It follows also that the thinner the cortical layer in proportion to the volume of the 
hemisphere, the greater and more folded will be the surface area. In accordance with this theory 
small animals have smooth or relatively smooth hemispheres, and that independently of their 
position in the animal scale or the amount of their intelligence, while large animals have con- 
voluted brains. 

The sulci in general begin to appear with the fifth month of fetal life, the larger of them, 
the fissures, appearing first and in a more or less regular order. Up to the fifth month the enceph- 
alon, due to its rapid growth, closely occupies the cranial capsule. During the fifth month the 
eranium begins to grow more rapidly than the encephalon, and a space is formed between the 
cerebrum and the inner surface of the cranium. ‘This space allows further expansion of the 
pallium, and at the time it is relatively greatest (during the sixth month) the form and direction 
of the principal gyri and sulci begin to be indicated. As growth proceeds the unrestricted 
expansion of the pallium results in the gyri again approaching the wall of the cranium, and during 
the eighth month of fetal life they again come in contact with it. Finally, the later relative 
growth of the cranium results in the space found between it and the cortex in the adult. It 
is obvious that the relation of the cranium may be a factor in the causation of the gyri, for the 
increase of surface area necessitated by the increased amount of cortical grey substance might 
be limited by a cranial cavity of small size and then the increase of surface could only be obtained 
by folding. It is probable that the second contact of the cortex with the cranium (during the 
eighth month) may at least cause a deepening and accentuation of the gyri already begun. Evi- 
dently the form of the cranium modifies the gyri, and to a certain extent probably determines 
their direction, for in long, dolichocephalie crania the antero-posterior gyri are most accentuated, 
and in the wide, brachycephalie crania the transverse gyri are most marked. At birth all the 
main fissures and sulci are present, but some of the smaller sulci appear later. In the growing 

pallium both the bottoms of the sulci as well as thesummits of the gyri move away from the geo- 
REEN center of the hemisphere, the summits more rapidly, and hence the sulci or fissures 
first formed grow gradually deeper as long as growth continues. 

The mechanical factors in the growth processes which result in the 1 
arrangement of the gyri of the hemispheres of a given group of animals hav 
determined. It-has been suggested that the differences in arrangemer 
groups of animals may be in part dependent upon the functional i: 
regions—the amount of grey substance varying with the functior 
sequent local increases being accompanied by resultant local fokii This idea is supported 
by the fact that while the som: iesthetic (sensory- motor) area x 'ortex varies with the bulk 
of the body, the frontal gyri, so much developed in man anc 1 are one of the chief regions 
of the associational phenomena, are relatively independer ey d do not vary with the weight 

x 


of either the body or the brain. 

Surface Area.—The total surface area of the «e i telencephalon is about 2300 sq. 
em. Of this area almost exactly one-third is contgin the outer or exposed surfaces of the 
gyri, while the other two-thirds is found in the w SA the sulci and fissures. 


or less regular 
n satisfactorily 
he gyri in different 


hortance, and the con- 
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LOBES OF THE TELENCEP Q ixo THE FISSURES AND SULCI 


The folded pallium of each js ere is arbitrarily divided into lobes, partiy 
by the use of certain of the A Ssures and sulci as boundaries and partly by the 
use of imaginary lines. CP divisions are six in number, themselves subdivided 


into their component gyr 
(1) Temporal lobe. 
(2) Central lobe Oula (Island of Reil). 
(3) Frontal lol 
(4) Veni 


(5) Occi Óbe. 
(6) Be brain or rhinencephalon (including the structures often grouped 
under the te hames olfactory lobe and limbic lobe). 

Xvision of the cortex of the hemisphere is largely a merely topographical 
the exception of the temporal lobe and the rhinencephalon, it has little 
EX morphologic al or functional value. The occipital lobe contains the rec- 


ed visual area of the cortex, but this area, as such, does not involve all of the 
53 
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lobe. In their functional significance, the frontal and parietal lobes, especially, 
overlap each other. 

The temporal lobe.—This is the first lobe whose demarcation is indicated. 
During the second month of intra-uterine life there appears a slight depression on the 
lateral aspect of the then smooth hemisphere. As the pallium further grows, this 
depression deepens into a well-marked fossa with a relatively broad floor. This 
fossa marks the beginning of the lateral cerebral fissure or fissure of Sylvius, and is, 
therefore, known as the Sylvian fossa. As the pallium continues to project out- 
wards, the folds which form the margins of the Sylvian fossa increase in size and 
height and begin to overlap and conceal its broad floor. The overlapping folds thus 
become the opercula, and as their lips approach each other, there results the deep 
fissure of Sylvius, which marks off anteriorly a ventro- lateral limb of the pallium, 
termed by position the temporal lobe. As erowth proceeds further, the temporal lobe 
thickens, the temporal pole extends further forwards and becomes a free projection, 
thus lengthening the fissure of Sylvius and resulting in the inferior extension or stem 
of this fissure, which runs between the temporal pole and the frontal lobe and curves 
under so as to appear on the basal surface of the hemisphere. Finally the cortex of 
the lobe itself is thrown into folds or gyri. Its posterior end is never marked off from 


Fig. 621.—D1AGRAM OF THE CONVEX SURFACE OF THE LEFT CEREBRAL HEMISPHERE SHOWING 
THE Five PRINCIPAL LOBES OF THE PALLIUM. 


The opercular regions of the frontal, parietal, and temporal lobes are removed to show the cen- 
tral lobe or island of Reil. 
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the lobes above and behind, except by, NU lines which will be mentioned in 
eonnection with those lobes. 

The temporal lobe forms part o lateral convex and tentorial surfaces of the 
hemisphere, and its anterior por S adapted to the surface of the middle cranial 
fossa. It thus has a superier eral surface and a basal and tentorial surface. 
In these surfaces are the fo € gyri with their intervening and bounding sulci:— 

The superior tempor rus is bounded by the posterior ramus of the lateral 
fissure, and extends fr emporal pole backwards into the supra-marginal region 
of the parietal lobe akgy4. The upper margin of this gyrus constitutes the tem- 
poral operculum, ety ihat it aids in ov erlapping and enclosing the insula in the floor 
of the lateral fises” This margin is for the most part smooth, being occasionally 
ERST de by y weak twigs of the lateral fissure. It is separated from the gyrus 
below by WN erior temporal sulcus, which is parallel with the posterior ramus 
of the NS ssure and is frequently called the parallel sulcus. The posterior ex- 
tremity NO is sulcus divides the angular gyrus of the parietal lobe, and its anterior 
end dKappears in the temporal pole, s sometimes as a continuous groove, sometimes 


1 "Med pieces. 
1e middle temporal gyrus likewise begins in the temporal pole and is con- 
ws backwards into the angular gyrus of the parietal lobe. 
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The inferior temporal gyrus forms the infero- lateral border of the temporal lobe, 
and is usually more broken up than the two gyri above it. It begins continuous with 
them in the temporal pole, and extends horizontally backwards into the lateral gyri of 
the occipital lobe. It is separated from the middle gyrus by the middle temporal 
sulcus, which likewise is never so continuous a furrow as the superior temporal sulcus. 
Frequently it occurs in detached portions and often terminates within the temporal 
lobe. 

The fusiform gyrus is in the basal and tentorial surface of the lobe (fig. 624). 
Its usual somewhat spindle shape suggests its name, and it is continuous backwards 
into the occipital gyri, or its posterior end may be completely isolated by a union of 


the inferior te mporal sulcus and the collateral fissure, which two furrows separate 


it from its neighbours on either side.  Anteriorly the fusifor m gyrus runs into the com- 
mon substance of the other three gyri at the temporal pole. 

The lingual gyrus is usually included in the tentorial surface of the temporal lobe, 
though in some texts it is regarded as a part of the occipital lobe. Its larger, posterior 
portion is continuous with and lies within the boundaries of the occipital lobe. 


Fic. 622.—OvmTrLINE DRAWING or Convex SURFACE OF: LEFT CEREBRAL HEMISPHERE. 
(After Toldt, “ Atlas of Human Anatomy," Rebman, London and New York.) 
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(oy Sylvius).—As promised in its origin by the over- 
lapping and enclosing of (he Pad floor of the Sylvian fossa by the adjacent folds of 
the pallium, the lateral fis$we is the deepest and most conspicuous fissure of the cere- 
bral ENR Genin divisions are a short stem and three branches. The 
stem lies in the bas e ace of the hemisphere, where it begins in a depression in the 
anterior perfor: stance, the vallecula Sylvii, and passes forwards and upwards 
between anc IE the temporal pole and the superciliary border of the frontal 
lobe. It « NN jnds in direction with the posterior border of the lesser wing of the 
sphenoid UN which projects backwards into it, and it contains the middle cerebral 
artery, 4]N Sylvian vein, and the sinus ale parve. It appears on the upper surface 
at a nee n in cranial topography as the Sylvian point, where it divides into its 


Ancel 1CS ra. 
on The posterior ramus is the linear continuation of the fissure, and runs horizon- 
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tally backwards and upwards to terminate in the supra-marginal gyrus of the parietal 
lobe. 

(2) The anterior ascending ramus passes upwards for about 10 mm., sub- 
dividing the inferior gyrus of the frontal lobe. 

(3) The anterior horizontal ramus passes forwards from the stem of the fissure 
about 10 mm., and likewise into the inferior frontal gyrus, but parallel with the 
superciliary border. ; 

These branches, together with certain smaller collateral twigs, divide the over- 
lapping or opercular portions of the adjacent pallium into (a) the temporal operculum, 
which lies below the posterior ramus; (b) the fronto-parietal opereulum, or operculum 
proper, which lies above and behind the anterior ascending ramus; (c) the frontal 
operculum, between the latter and the anterior horizontal ramus; (d) and the orbital 
operculum, below the anterior horizontal ramus. Collectively the opercula are known 
as the opercula of the insula. 

The central lobe or insula.— The insula or island of Reil is a triangular area of the 


Frc. 623.— THE INsULA WITH ITs GYRI AND SULCI. 
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cerebral cortex lying in the he lateral fissure, and concealed by the opercula. 
Of these, the temporal opes m overlaps the lobe to a greater extent than either the 
frontal or parietal. N n half of it may, therefore, be exposed by gently press- 
ing away the tempol be. The central lobe or island corresponds to the broad 
floor of the Sylviag, fossa of the embryonic brain. In the developed condition its 
surface is convex ÉO awards and is itself folded into gyri. The apex of the triangle 
appears upon t sal surface of the hemisphere, and is the only portion which may 
be seen wit flisturbing the specimen. It appears as the end of a small gyrus 
under t ND voral pole, and in close relation with the anterior perforated substance 
and OW eula Sylvii, and is known as the limen of the insula. In the folding 
gs Dy which the opercula accomplish the overlapping and enclosing of the 

isla there results a deep sulcus which surrounds its entire area except at the 
ep jjsule. This is known as the circular sulcus, or limiting sulcus of Reil. The 
(and sulci) of the island radiate from the apex of the triangle. The central 
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CR G of the island is the deepest. It runs from below backwards and upwards, 
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parallel with the central suleus of Rolando above, and divides the island into a 
larger anterior and a smaller posterior portion. The anterior portion consists of 
from three to five short irregular gyri breves or precentral gyri, separated by 
sulci breves; the posterior portion consists of a single, slightly furrowed gyrus, 
which is long and arched and extends from the apex to the base of the triangle. 
the gyrus longus. 

The frontal lobe.— This is the most anterior of the lobes of the hemisphere, 
and like the two lobes behind, it has a convex or outer, a basal, and a mesial 
surface. The convex surface begins with the frontal pole, and is bounded posteriorly 
by the central sulcus (Rolandi); the basal surface extends backwards to the stem of 
the lateral fissure, covered by the frontal pole; and the mesial surface is separated 
from the gyrus cinguli of the rhinencephalon (limbic lobe) by the sub-frontal part of 
the sulcus cinguli (calloso-marginal fissure), and from the parietal lobe by a line 
drawn perpendicularly from the upper extremity of the central sulcus (Rolandi) to 
the sulcus cinguli. These surfaces include the following gyri and sulci:— 


GyRI. 
( Anterior central gyrus. 
Superior frontal gyrus. 


f Superior portion. 


SULCI. 


Superior. 
Precentral sulcus | Taferi r 


Superior frontal sulcus. 


pid 1 Maddie Erontab. gyros | Inferior portion. Middle frontal sulcus 
Sada | Opereular portion. Inferior frontal sulcus. 
Inferior frontal eyrus | Triangular portion. Anterior ascending ramus of lateral 
L Orbital portion. fissure. 
Anterior horizontal ramus of lateral 


fissure. 


| ixternal. External. 

; A Anterior Orbital sulci 4 Internal 
asal Orbital gyri - Nid > . 
ENA 1 ER Posterior. Transverse. 

pee | | Internal. 


| Gyrus rectus. 


Olfactory sulcus. 
Mesial | Superior frontal gyrus. 


: Marginal gyrus. 
surface is 


Paracentral lobule (anterior part). Rostral sulei. 


Many of the sulci, especially the superior frontal and the rogis! Sylci, often give 
off twigs or are broken up into short furrows which give ri S small folds (gyri 
transitivi), too inconstant to be given special names. Q 

The anterior central gyrus (ascending frontal x Qon is the only gyrus 
of the frontal lobe having a vertical direction. It "C llel to the central sulcus 
(Rolandi), and thus extends obliquely across the con%e%urface from the posterior 
ramus of the lateral fissure (frontal operculum) Supero-mesial border, and is 
continuous on the mesial surface into the ante for) stion of the para-central lobule. 
It comprises a large part of the anterior pon£jocNes the somesthetic (sensory-motor) 
area of the cerebral cortex. It is separated. vom the horizontal gyri in front by the 
precentral sulcus. This sulcus is devdojjed in three parts, but the upper and 
middle parts in the foetal brain usuallysguse together, so that in the later condition 
it consists of a superior and an inferyMeftion. The superior cuts the supero-mesial 
border of the hemisphere and app the mesial surface in the paracentral lobule. 
On the convex surface it is AN offnected with the posterior end of the superior 


frontal sulcus. 

The superior fronta Q is a relatively broad, uneven convolution, comprising 
the anterior portion of WMbe Jupero-mesial border of the hemisphere, and therefore 
extends horizontally fgom the precentral sulcus to the frontal pole. It is sometimes 
imperfectly divided a superior and an inferior part by a series of detached, ir- 
regular furrows, s NS of collectively as the para-medial sulcus. The resulting gyri 
transitivi are,o(ffNiwfest in that they are peculiar to the human brain, and are said to 
be more mi NS in the higher than in the lower types. 

The aig rontal gyrus is likewise a broad strip of pallium extending from the 
precentrel Alcus to the frontal pole. It is separated from the superior frontal 


gyrus i wXhe superior frontal sulcus, which is usually continuous into the superior 
sect he precentral suleus and thence extends horizontally to the frontal pole. 


middle frontal gyrus is in most cases subdivided anteriorly into a superior and an 
"ior portion by a middle frontal sulcus. This sulcus begins above and runs 
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into the frontal pole, where, upon reaching the superciliary border, it frequently 
bifurcates into a transverse furrow, known as the fronto-marginal sulcus. 

The inferior frontal gyrus forms the superior wall of the lateral fissure, and is 
separated from the middle frontal gyrus by the inferior frontal sulcus. This sulcus 
begins eontinuous with the inferior section of the precentral sulcus, and extends, 
very irregularly and frequently interrupted, towards the frontal pole. The gyrus 
abuts upon the anterior central gyrus, and its posterior portion is divided into three 
parts (the frontal opercula) by the anterior ascending and horizontal rami of the 
lateral fissure. The part behind the anterior ascending ramus is the opercular 
portion (a part of the fronto-parietal operculum or operculum proper), sometimes 
referred to as the basilar portion. In most brains this part is traversed by a short 
oblique furrow, the diagonal sulcus. The part between the two anterior rami of the 
lateral fissure is the cap-shaped triangular portion. This portion frequently in- 
volves one and sometimes two descending twigs of the inferior frontal sulcus. The 
part below the anterior horizontal ramus is by position the orbital portion. 


It is seen that the inferior frontal gyrus gives rise to the whole of the frontal operculum 
and the anterior half of the fronto-parietal operculum. ‘The opercular portion is of special 
interest in that in the left hemisphere it constitutes the celebrated convolution of Broca, con- 
cerned in the function of speech.. The area controlling speech, however, involves the triangular 
portion as well, and both these parts often appear more developed on the left hemisphere. The 
development of the opercula of the inferior frontal gyrus is a distinctive characteristic of the 
human brain. This gyrus does not develop opercula even in the highest varieties of apes. The 
development of the function of speech in man no doubt influences the development of the frontal 
opercula. 


On the basal surface of the frontal lobe is the orbital area and the gyrus rectus. 
The more pronounced of the orbital sulci are often so joined with each other as to 
form an H-shaped figure standing parallel to the mesial plane, and thus they com- 
prise an internal, an external, and a transverse orbital sulcus. This figure naturally 
divides the orbital area into four gyri:—(1) The external orbital gyrus is the basal 
continuation of the inferior frontal gyrus, and is thus related to the orbital portion of 
the frontal operculum; (2) the anterior orbital gyrus is continuous at the pole with 
the middle frontal gyrus; (8) the posterior orbital gyrus is closely related to the 
limen insulæ and the stem of the lateral fissure, and its outer p: in relation with 
the orbital portion of the operculum; (4) the internal orbi S is continuous 
over the superciliary border with the superior frontal gyrus frequently contains 
one or two short, isolated sulci. Its mesial boundary is tl {cht olfactory sulcus, 
in which lies the olfactory bulb and tract of the rune alon. This sulcus marks 
off a narrow straight strip of cortex between it <£ KO? mesial border of the lobe 
known as the gyrus rectus. The posterior a the gyrus rectus comprises a 


part of the parolfactory area or Broca’s : ich functionally belongs to the 


rhinencephalon. 
On the mesial surface of the frontal A x superior frontal gyrus is sep arated 
from the gyrus cinguli of the rhinenceph: kd pic lobe) by the w 'ell-marked sulcus 


cinguli. Anteriorly the superior front®&yrus is subdivided by the main stem of 

the rostral sulci into a marginal s, and what may be termed a submarginal 

gyrus. The marginal gyrus is broken into smaller parts by twigs of the 

rostral sulci, most of which N ndicular to the main stem, while the submar- 
1 


ginal gyrus is less frequen 'errupted. Posteriorly the superior frontal gyrus 
constitutes the anterior p of the paracentral lobule, a part of the somsesthetie 
area of the mesial surfíce he hemisphere. "This lobule is usually marked off an- 
teriorly by a vertical t ‘om the sulcus cinguli. 

The sulcus «ing ir alloso-marginal fissure) is the longest and one of the most 
prominent sulci QN e. mesial surface of the hemisphere. It divides the anterior 
portion of the t ROX surface into a marginal part above and a ce allosal part below— 
in other XN separates the superior frontal gyrus from the gyrus cinguli. Its 
SE tion begins below the rostrum of the corpus callosum and curves 
forwarc CER around the genu, and then turns backwards above the body of 
the c PÀ callosum. Before it reaches the level of the splenium, it turns upwards 

4 s and terminates in the supero-mesial border of the hemisphere, as the next 
Enna the upper termination of the central sulcus. This upward turn is the 


mes curves gradually, but its marginal relation to the upper end of the central sulcus 


Su Nb 
Opeiginal portion of the sulcus cinguli. It is sometimes an abrupt curve and some- 
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is so constant that it serves as a means by which either of the sulci may be identified. 
The marginal portion separates the paracentral lobule from the precuneus (quadrate 
lobule), and is wholly within the parietal lobe. One of the most constant twigs of 
the sulcus einguli is that which marks off the paracentral lobule from the superior 
frontalgyrus. Another sometimes divides the paracentral lobule into its frontal and 
| parietal portions. The sulcus cinguli is developed from two and sometimes three 
f (anterior, middle, and posterior) separate furrows, which later extend and fuse into 
continuity. This method of its development may explain the irregularities fre- 
quently met with and the fact that sometimes in the adult the sulcus occurs in 

separate pieces. 
The central sulcus (fissure of Rolando) is one of the principal landmarks of the 
convex surface of the hemisphere. It separates the frontal from the parietal lobe, 


Fic. 624.—BASAL SURFACE OF THE CEREBRAL HEMISPHERES. (After Toldt, * Atlas of Human 
Anatomy," Rebman, London and New York.) 
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| and likewise divides the sofmesthetic area of the pallium. Its upper end terminates 
| in and usually cuts? ipero-mesial border of the hemisphere immediately in front 


l of the terminatior he marginal portion of the sulcus cinguli. Thence it pursues 
an oblique tl RA sfnuous course forwards across the convex surface of the hemi- 


(Rolandi and terminates in the fronto-parietal operculum immediately 
above the pr x ramus, and about 2°5 em. behind the point of origin of the an- 
i of the lateral fissure. It rarely cuts through the fronto-parietal oper- 
1 its sinuous course, two bends are most mar ked:— (1) The superior genu 
e at about the junction of the upper and middle thirds of the sulcus and is con- 

forwards. It accommodates the greater part of that portion of the cortex 


sphere, KY n the average an angle of about 72° with the supero-mesial border 
e), 
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which is the motor area for the muscles of the arm, and the development of this area 


in man probably aids in producing it. (2) The inferior genu occurs below, is : 


coneave backwards, and is probably in part a result of the superior genu—the turn 
of the suleus in resuming its general course. 'The upper part of this genu also 
accommodates a smaller (inferior) portion of the arm area. 


The central sulcus (Rolandi) appears in the pallium of the foetus during the latter part 
of the fifth month. It then consists of a lower longer and an upper shorter part. Usually 
these two parts become continuous before birth; very rarely do they remain separate in the adult. 
The point of their fusion is sometimes manifest within the depth of the sulcus. If the lips of the 
suleus be pressed widely apart at about the region of the junction of its middle and upper third, 
it will be found that the opposing walls give off a number of protuberances or lateral gyri, which 
dovetail into each other when the sulcus is closed. Sometimes two*of these lateral gyri appear 
fused across the floor of the sulcus, so as to form a bridge of grey substance known as the deep 
annectant gyrus. This interruption of the continuity of the sulcus, when present, represents the 
point at which the two parts of the sulcus in the foetal brain joined each other without the con- 
tinuity becoming wholly completed in the adult. The genua of the adult sulcus may often be 
due to the precedent parts not being in line at the time of their fusion. 


The parietal lobe.— The parietal lobe occupies a somewhat smaller area of: 


the human telencephalon than either the frontal or the temporal lobe. It has a 
convex and a mesial surface, but no basal surface. It is separated from the frontal lobe 
in front by the central sulcus; from the occipital lobe behind by the par?eto-occipital 
fissure (fig. 626), and by an arbitrary line drawn transversely around the convex sur- 
face of the hemisphere from the superior extremity of this fissure to the infero-lateral 
border; and from the temporal lobe below by the horizontal part of the posterior 
ramus of the lateral fissure, and by a line drawn in continuity with this horizontal 
part to intersect the transverse line drawn to limit it from the occipital lobe. 


The preoccipital notch.—/n situ, the infero-lateral border of the posterior portion of the 
hemisphere rests over a small portion of the parieto-mastoid suture of the cranium, and upon 
this structure occurs a fold or vertical thickening of the dura mater, which slightly indents the 
infero-lateral border. This indentation occurs about 4 em. from the occipital pole, and is con- 
sidered one of the points of limitation of the parietal from the occipital lobe, and is therefore 
called the preoccipital notch. While during late foetal life and early childhood it is well marked, 
it is usually very slight in the adult brain, and is, as a rule, evident only in brains hardened 
in situ. When it is visible, the arbitrary transverse line from the supemor extremity of the 
parieto-occipital fissure, used as a boundary between the convex surfagegWof the parietal and 
occipital lobes, should be so drawn as to bisect the preoccipital notch. AN 


The convex surface of the parietal lobe comprises the f 

The posterior central gyrus (ascending parietal) 4 
hemisphere parallel with the anterior central gyrus C) 
is separated by the central sulcus. Its inferior end 
of the lateral fissure, and constitutes the poster: 
parietal operculum. Its upper end takes frt the supero-mesial border of the 
hemisphere, and is bounded posteriorly by thai#p end of the marginal portion of the 
sulcus cinguli. Its postero-lateral boundgXy consists of the two more or less vertical 
rami or factors of the interparietal sulQu3 viz., the inferior and superior portions 
of the postcentral sulcus, either contggyous with each other or detached. 

The interparietal sulcus (it L^ m is often the most complicated sulcus 
of the pallium. Its developme ally begins as four different furrows in the foetal 
brain, and the difficulty wig NWÁJeIfAt is traced in the adult brain depends upon the 
extent to which these foy æ tors become continuous in the later development. 
When continuity of th LY is well established, the entire suleus may be described 
as consisting of a coe pronta! ramus, which gives off a few short collateral twigs 
and whose either epd 13"*in the form of an irregular, reclining ~A. The transverse 
bar of the anteri 1 arises from two of the four factors of the entire suleus:—(1) 
an inferior furgOW the inferior postcentral sulcus, commencing above the posterior 
ramus of tbe fissure and ascending as the boundary of the lower half of the pos- 
terior c tes and (2) a superior furrow, the superior postcentral sulcus, lying 
behind SANDE portion of the posterior central gyrus, and which, upon approaching 
the sgpe™-mesial border, may turn backward a short distance parallel with the 
hor@edtal ramus, as in fig. 622. When confluent, these two factors form together a 
abus postcentral sulcus. In the adult the inferior of the two is always con- 
e ous with the horizontal ramus; when confluent, the two figures join so as to form 

e transverse bar of the anterior end of this ramus. The horizontal ramus, which 


Jng gyri and sulci:— 

ends obliquely across the 
rontal lobe, from which it 
inded by the posterior ramus 
r parietal portion of the fronto- 


— 


"m"LXL---—-——-——————————— e M RR I I I I 


owes 


ey 


re 


= 


ata 


THE CEREBRAL HEMISPHERES 841 : 


represents the third of the primary furrows, is continued backwards past the superior 
extremity of the parieto-occipital fissure into the oecipital lobe, where it usually 
joins the occipital ramus, the fourth of the primary furrows. This ramus divides 
shortly into two branches which run at right angles to the stem, forming the trans- 
verse occipital sulcus, and thus arises the transverse bar of the posterior end of the 
interparietal sulcus. The occipital ramus may, however, consist of little more than 
the transverse bar, which may or may not be joined by the horizontal ramus. The 
occipital ramus is more frequently separate from the horizontal than is the post- 
| central sulcus. In their development the inferior postcentral sulcus appears first 
(during the latter part of the sixth month), the occipital ramus second, the horizontal 
ramus third, and last, the superior postcentral sulcus. 

The superior parietal lobule (gyrus) is the area of the supero-mesial border 
of the parietal lobe. It is limited in front by the superior postcentral sulcus, below 
by the horizontal ramus of the interparietal sulcus, and posteriorly it is continuous 


Fig. 625.—CoNVEX SURFACE OF THE CEREBRAL HEMISPHERES AS VIEWED FROM ABOVE. 
(After Toldt, “ Atlas of Human Anatomy," Rebman, London and New York.) 
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to-occipital fissure into the cortex of the occipital 
là (lobule), always invaded by collateral twigs of its 
limiting sulci, and usuallcoitains a few short, isolated furrows. When the parieto- 
occipital fissure is congideMibly prolonged over the supero-mesial border (external 
parieto-occipital fiss? he continuation of the lobule about the end of this fissure 
presents the appe: described as the parieto-occipital arch. 
tal lobule is limited in front by the inferior postcentral sulcus, 
l and above orizontal ramus of the interparietal sulcus. It is continuous with 
‘the cortex > temporal lobe below, and with that of the occipital lobe behind, and 
vaded by the ends of the sulci belonging to these lobes. Its anterior 


C 


around the superior end of th 
lobe. It is a relatively wg 


a 


portio eparated from the temporal lobe by the horizontal portion of the posterior 
ram ne lateral fissure. The upturned end of this ramus invades the anterior 
| pøxtioit of the lobule and the broad fold, arched around this end and continuous 


l È d it into the superior temporal gyrus, is known as the supramarginal gyrus. 
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The angular gyrus is the portion which embraces the posterior end of the superior 
temporal sulcus, and is continuous behind this into the middle temporal gyrus and 
in front with the superior temporal gyrus. Its shape is usually such as to suggest 
its name. The most posterior part of the inferior parietal lobule, when arching in a 
similar way about the end of the middle temporal sulcus and continuous with the 
temporal gyri on its either side, is known as the post-parietal gyrus. This is a 
smaller area than either of the other two, and,-owing to the variability of the end of 
the middle temporal sulcus, is not always evident. 

The mesial surface of the parietal lobe is divided into two parts by the marginal 
portion of the sulcus cinguli. The anterior and smaller part is the mesial continuation 
of the posterior central gyrus, and comprises the posterior portion of the paracentral 
lobule. It is limited from the part of this lobule belonging to the frontal lobe by a 
vertical line drawn from the marginal extremity of the central sulcus. The precu- 
neus (quadrate lobule) is the posterior and larger part of the mesial surface of the 
parietal lobe. It is separated from the cuneus of the occipital lobe by the parieto- 
occipital fissure, and is imperfectly separated from the gyrus cinguli (limbic lobe) 


Fra. 626.—OvuTLINE DRAWING OF MESIAL SURFACE OF LEFT CEREBRAL HEMISPHERE. 
(After Toldt, * Atlas of Human Anatomy," Rebman, London and New York.) 
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below by the subparietal AN © fissure), branches of which invade it ex- 
tensively. 

The occipital lobe. A is a relatively small, trifacial, pyramidal segment, 
comprising the poster remity of the hemisphere, its apex being the occipital 
pole. Though one of&hejhatural divisions of the cerebral hemisphere, it is very in- 
definitely marked off from the lobes anterior to it. T hough it contains the cortical 
area of the visuaf ratus, only in the brains of man and the apes does it occur as a 
well-defined pr ion. In most of the mammalia it is not differentiated at all. 
Its three syr NN bride a convex, a mesial, and a tentorial surface. 

Itsc irjace is separated from that of the parietal and temporal lobes by the 
superio a nal extremity of the parieto-occipital fissure, and by an arbitrary 
line dgaw® transversely from this extremity to the infero-lateral border of the hemi- 
sphewe or so drawn as to bisect the pre-occipital notch when this is evident. The 
( ich occur on the convex surf: ice may be dd as xod uiuis D of 


vem as to Eisen and anth. Hd) The transverse occipital ae is the a 
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constant in shape. It extends a variable distance transversely across the superior 
portion of the lobe, and, as noted above, it is frequently continuous with the inter- 
parietal sulcus through its occipital ramus, and when so, it appears as the posterior 
terminal bifurcation of this sulcus (fig. 624). "When detached, it often occurs merely 
as a definite furrow with few rami, and sometimes the ramus by which it otherwise 
would join the interparietal suleus is entirely absent. (2) The lateral occipital 
sulcus is always short, and has its deepest portion below the transverse sulcus. It 
usually has a somewhat oblique course towards the supero-mesial border. Some- 
times it occurs in several detached pieces, then known collectively as the lateral 
occipital sulci. 

Therefore, the gyri of the convex surface of the lobe are also variable. They 
are not sufficiently constant to merit individual names. The lateral occipital sulcus 
or sulci roughly divide them into an inferior and lateral area, known as the lateral 
occipital gyri, and into a superior area, the superior occipital gyri. The lateral 
area is continuous into the gyri of the temporal lobe, while the superior area is con- 
tinuous into the gyri of the parietal lobe. 

The mesial surface of the occipital lobe is separated from that of the parietal lobe 
(precuneus) and from the gyrus cinguli of the limbic lobe by the well-marked 
parieto-occipital fissure. It comprises the constantly defined, wedge-shaped lobule 
known as the cuneus, and the posterior and mesial extremity of the lingual gyrus. 
Since the greater portion of the length of the lingual gyrus is involved in the basal 
surface of the temporal lobe, this gyrus as a whole has been considered as belonging 
to the temporal lobe (see figs. 619 and 624). The cuneus is separated from the lingual 
gyrus by the posterior portion of the calcarine fissure, which always terminates in a 
bifurcation, one limb of which invades the cuneus near the superomesial border. In 
addition the cuneus may contain other twigs from both the fissures bounding it, and 
also, when wide, may contain one or more short, detached sulci cunei. 


The calcarine fissure and the parieto-occipital fissure are almost invariably joined in 
the human brain, forming a Y-shaped figure, the prongs of which give the cuneus its shape. 
The calearine fissure begins on the tentorial surface in the posterior portion of the hippocampal 
gyrus of the limbic lobe, below the splenium of the corpus callosum, and extends backwards 
across the internal occipital border of the hemisphere. 1t then bends downwards and proceeds 
to its terminal bifurcation in the polar portion of the occipital lobe. The steng or hippocampal 
portion of the fissure is deeper than the posterior or occipital portion. It pro ; a well-marked 
eminence in the inner wall of the posterior cornu of the lateral ventricl ow) as the calcar 
avis or hippocampus minor. It is developed separately from the poste rtion, which also 
first appears as two grooves. All three parts are usually continuous wiihkégyth other before birth. 

The parieto-occipital fissure usually appears from the first agQaNgontinuous groove. It 
begins in the supero-mesial border of the hemisphere, rarely ic in& into the convex surface 

Q, 


more than 10 mm. (external parieto-occipital fissure), thence, 1 nds vertically downwards 
across the mesial surface (internal parteto-occipital fissure), and ates by joining the calcarine 
fissure at the region of the downward bend of the latter, or but the junction of its anterior 
and middle thirds. In certain of the lower apes and inffhiW wein of the chimpanzee there is no 
junction between the two fissures, they being kept apa a harrow neck of cortex, the gyrus 
cunei. Neither are they joined in the human foetus, I the adult human brain the region of 
their junction be opened widely, there will be found as pmerged gyrus transitivus (deep annectant 
gyrus), which is the gyrus cunei, superficial in (ONN In the higher apes and in micro- 
cephalic idiots this gyrus may be on the surfacegr pattially submerged. Two other gyri transitivi 
(anneetant gyri) are to be found by pressing Uu the ealcarine fissure, and they mark the points 
at which its three original grooves becam fnuous during its development into a boundary 
between the cuneus and the lingual gyrys these, the anterior cuneo-lingual gyrus crosses 
the floor of the calearine fissure on (fNeWfoftéffior side of its junction with the parieto-occipital 
fissure, and therefore near the gyrus WNT The posterior cuneo-lingual gyrus occurs near the 
region of the terminal bifurcation fissure. 


The tentorial surface oNthg occipital lobe is blended intimately.with that of the 
temporal lobe, from whieh it is separated only by an arbitrary line drawn to join the 
line of demarcation INO convex surface, at the region of the pre-occipital notch, 
and thence to the jmus of the gyrus fornieatus—the narrow neck of cortex con- 
necting the gysus(oNSuli with the hippocampal gyrus, just below the splenium of the 
corpus callos NN e fig. 619). The gyri blending the occipital and temporal lobes 
across this NN the lingual gyrus, already mentioned, and the fusiform gyrus 


(occipito-temporal convolution). In fact, the tentorial surface of the lobe may be 
consid us nothing more than the posterior extremity of the fusiform gyrus, and the 
in mem ion of the same extremity of the lingual gyrus. The former is often 
soffyhat broken up and is then continuous into the lateral occipital gyri. The 

yri are separated by the collateral fissure, the end of which extends into the 
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lobe. The fusiform gyrus is bounded laterally by the inferior temporal sulcus, 
which sometimes is continuous by a lateral‘twig across the posterior end of this 
gyrus with the collateral fissure. 

The rhinencephalon.— The rhinencephalon or olfactory brain includes those 
portions of the cerebral hemisphere which are chiefly concerned as the central con- 
nections of the olfactory apparatus. Owing to the preponderant development of the 
other divisions of the hemisphere, the parts comprising this division appear relatively 
but feebly developed in the human brain. In most of the mammals the sense of 
smell is relatively much more highly developed, and in many of the larger mammals 
the parts comprising the rhinencephalon are of greater absolute size than in man, 
though their cerebral hemispheres may be considerably smaller. In the human 
foetus the parts of the rhinencephalon are relatively much more prominent than after 
the completed differentiations into the adult condition. In the broader sense of the 
term the rhinencephalon includes those parts of the hemisphere usually classed as 
comprising two lobes, viz., the olfactory lobe and the limbic lobe. Neither of these 
is a ‘lobe’ in the sense of comprising a definite segment of the hemisphere, as do the 
other lobes, and therefore the rhinencephalon cannot be called a distinct lobe. It is 
so strung out that by one or the other of its parts it is either in contact or continuity 
with each of the other lobes of the hemisphere. 


Fig. 627.—Brain or Human Fatus or 22:5 Cm. (BEGINNING OF FIFTH MONTH), SHOWING THE 
PARTS OF THE DEVELOPING RHINENCEPHALON APPARENT ON THE BASAL SURFACE. (After 
Retzius.) 
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Morphologically, the rhinencephalon 1 C into an anterior and a pos- 
terior portion. K 
The olfactory lobe proper may be co: red as comprising the anterior portion of 
the rhinencephalon. This belongs Q)* wholly to the base of the encephalon, and 
consists of the following parts: 
(1) The olfactory bulb is : 


ated, oval enlargement of grey substance which 
lies upon the lamina cribre$ 


Pe ethmoid bone, and, practically free, it presses 
under the anterior end of Mactory sulcus of the basal surface of the frontal lobe. 
The numerous thin fi : of the olfactory nerve enter the cranium through the 
foramina of the lamin& crJbrosa and pass into the ventral surface of the bulb. 

(2) The olfact Tact is a triangular band of white substance which arises in 
the olfactory cut continues backwards about 20 mm. to the region of the 
anterior Peron substance. It appears triangular in transverse section from the 
fact that M NS side fits into the olfactory suleus. It becomes somewhat broader 
at its PQ’ end. 


H 


(3)N iacta trigone is the small triangular ridge joining in front the 
anterior Perforated substance. Upon it the olfactory tract breaks up into three 
pe lateral, intermediate, and medial olfactory strie. The lateral olfactory stria 
atizes the lateral portion of the trigone into what is sometimes called the lateral 
e ctory gyrus, a portion of which is directly continuous into the limen insule 

gs. 624 and 627). While a few òf the fibres of the lateral stria penetrate this portion, 
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the greater mass of them pass obliquely outwards over it and gradually disappear in 
the antero-lateral portion of the anterior perforated substance, in which some of them 
terminate, but through which most of them pass to curve into the anterior end of the 
hippocampal gyrus and terminate there, chiefly in the uncus. In most of the mam- 
mals the lateral stria is so strong that it appears as a superficial white band passing 
directly into the uncus.  _ 

(4) The parolfactory area (Broca's area) involves the mesial extension of the 
olfactory trigone, and is concerned with the medial olfactory stria. On the basal sur- 
face of the hemisphere this area involves the posterior extremity of the gyrus rectus— 
a portion of which is sometimes separated from the remainder of the gyrus by 8 
ventral prolongation of the anterior parolfactory sulcus of the medial surface (see figs. 
626 and 624). This prolongation when present has been called the fissura serotina. 
On the medial surface the parolfactory area appears as a definite gyrus bearing its 
name. In front this is separated from the superior frontal gyrus by the anterior 
parolfactory sulcus, and from the subcallosal gyrus behind by the deeper posterior 
parolfactory sulcus (fig. 626). It is continuous above into the gyrus cinguli of the 
limbie lobe, the posterior part of the rhinencephalon. A large portion of the fibres 
of the medial stria are lost in the parolfactory area, and are known to terminate 
about the cells there. This stria or root of the olfactory tract forms a slight ridge 
on the ventral surface of the area, which is frequently prominent enough to retain 
the name medial olfactory gyrus applied to it in the foetal brain (fig. 627). 

(5) The subcallosal gyrus (peduncle of the corpus callosum) is the narrow fold 
of the pallium which lies between the posterior parolfactory sulcus and the rostral 
lamina and the ventral continuation of the latter into the lamina terminalis. It 
begins above, in part fused to the rostrum of the corpus callosum, and in part continu- 
ous with the gyrus cinguli, and below it goes over into the anterior perforated sub- 
stance. Some fibres of. the medial olfactory stria disappear in the substance of this 
gyrus. 

(6) The anterior perforated substance must be considered with the rhinenceph- 
alon, but, like the limen insulæ, it can only be considered as belonging in part to 
this division of the brain. It comprises the basal region between the optic chiasma 
and tract and the olfactory trigone. Usually the posterior parolfactory sulcus 
(fissura prima of the embry o) is sufficiently evident to more or less distinctly separate 
it from the latter. A few fibres from the middle stria are known to dÑappear within 
its depths, and, as mentioned above, many fibres from the latera rid Xlso pass into 
it. The intermediate olfactory stria is always much the weake he three stris, 
and in many specimens is apparently absent. The fibres « Qı stria run almost 
straight backwards and plunge directly into the anterior pq ed substance, where 
some of them are known to terminate, while others «OQ e into the uncus. On 
embryological grounds, the subeallosal gyrus and the &efior perforated substance 
are classed as the posterior division of the ‘olfagt Obe' or anterior part of the 
rhinencephalon. 


r] 
AS 


The olfactory bulb and tract arise as a hollow Merovth from the lower and anterior part 
of the anterior of the three primary vesicles. 1 tubular structure at first, and in many 
of the mammals the cavity maintains throughot fe as the olfactory ventricle. In man the 

cavity becomes occluded and the ependyma : A atinous substance which surround it become 


the grey core of the bulb and tract of the 

The grey substance persists and dev det. in the bulb, and in fact produces it as such. 
It is much thicker on the ventral surfa Aib than on the dorsal surface, and in section shows 
definite layers. From within outwé Se e principal of these layers are—(1) the layer of large 
cells whose shape suggests their n: Ss itral ce lis; (2) large dendrites of the mitral cells project 
towards the surface and there > into numerous telodendria which copiously inter -digitate 
with like telodendria of the ACH. fibres of the olfactory nerve, thus forming rounded, much 
tangled glomeruli and the layer taining these, the glomerular layer; (3) the superficial layer, or 
olfactory layer, consists qf bres of the olfactory nerve which form a dense inter lacement with 
each other on the vent rface of the bulb before they pass into its interior. The E 
surface of the bulb b@y irei almost wholly of the fibres which arise as axones of th 


mitral cells and res Cr to form the olfactory tract, and thence to their localities Seman 
the three stri. Along the dorsal aspect of the olfactory tract the gela- 


tion, chiefly byw | 
tinous a js e core may show through. as a grey ridge. 
The, s&-ealled limbic lobe (a name introduced by Broca in 1878) consists of the 
struc 'hich may be considered as comprising the posterior portion of the 
e Halon. It takes part in both the medial and tentorial surfaces of the 


rhi 
he@yphere, Seen from the medial surface, it forms an irregular elliptical figure 
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which encloses the corpus callosum and the extremities of which approach each 
other at the anterior perforated substance, where they are continuous with the 
structures of the anterior portion of the rhinencephalon. The figure is bounded ex- 
ternally by the sulcus cinguli above, by the subparietal sulcus (postlimbie sulcus) 
and the anterior limb of the calearine fissure behind, and by the collateral fissure 
below. These respectively separate it from the frontal, parietal, occipital, and 
temporal lobes. It comprises the following structures which are either wholly or in 
part devoted to the functions of the olfactory apparatus:— 


( Gyrus cinguli (cingulum). 

Isthmus of the gyrus fornicatus. 

hippocampal gyrus. 

uncus. 

dentate fascia. 

fimbria. 

The medial and lateral longitudinal striæ upon the corpus callosum. 

The fornix. 

The corpus mammillare and thalamo-mammillary fasciculus to the anterior 
nucleus of the thalamus. 

5. Part of anterior cerebral commissure. 

6. Part of septum pellucidum. 


l. Gyrus fornicatus < 


| Hippocampus | 


SUD 


Fra. 628.—DIAGRAM SHOWING POSITION or STRUCTURES COMPRISING THE LIMBIC LOBE AS 
SEEN FROM THE MESIAL ASPECT OF THE CEREBRAL HEMISPHERE. 
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The gyrus fornicatus comprises the Seater mass of the limbic lobe. As seen 
above, it is a term used to collectively(rpYesent a number of conjoined structures. 
Being an incomplete ellipse in for two ends are united to form a closed ring 
by means of the connection of th olfactory area with the gyrus cinguli and the 
connection of the anterior perfofat& substance with the uncus of the hippocampal 
gyrus. It is best describec o 5 of its component parts. 

The gyrus cinguli | NS inction with the area parolfactoria below the anterior 
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end of the corpus calls Cy NNI eurves above so as to entirely embrace the upper 
surface of the latter S nara from the frontal lobe by the sulcus cinguli 
(calloso-marginal fisst ra the parietal lobe by the subparietal sulcus, and from 


the corpus ca ed oy the sulcus of the corpus callosum. By the latter 
it is separated ne longitudinal striæ of the upper surface of the corpus callosum. 
The gyrus ci covers over, and its cells are closely associated with, the cingulum, 
a well-mfq Ned of white substance, which follows the gyrus backwards to turn 
arounq Jlenium of the corpus callosum, and then course forwards into the hippo- 
campa rus to the uneus. The cingulum is largely recruited from the medial 
olfacNory stria and from fibres arising in the parolfactory area and the anterior per- 


osterior end of the gyrus cinguli with that of the hippocampal gyrus (fig. 619). It is 


be substance. 
C he isthmus of the gyrus fornicatus is the constricted portion connecting the 
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bounded externally by the anterior end of the calearine fissure, and is associated 
with the forward turn of the cingulum. 

The hippocampus is the name applied to the curved appearances produced in 
the floor of the lateral ventricle by the peculiar foldings of this part of the cerebral 
cortex. The hippocampal gyrus is the main gyrus of the tentorial surface of the 
limbic lobe. Externally it is separated from the fusiform gyrus by the collateral 
fissure, and it is bounded internally by the hippocampal or dentate fissure. Poste- 
riorly it is partially divided by the calcarine fissure into the lingual gyrus (of the tempo- 
ral lobe) and the isthmus of the gyrus fornicatus. Its anterior extremity is hooked 
backwards and is known as the uncus. This is almost entirely separated from the 
temporal lobe bya groove, the temporal notch. If the hippocampal fissure be opened 
up, the dentate fascia or gyrus and the fimbria will be seen. These lie side by side, 
separated by the shallow fimbrio-dentate sulcus. The free edge of the dentate 
gyrus presents a peculiarly notched appearance, produced by numerous parallel 
grooves cutting it transversely. Its posterior end, sometimes called the fasciola 
cinerea, continues backwards over the splenium of the cot pus callosum, and upon the 
upper surface of the corpus callosum appears as a thin strip of grey substance which 
contains embedded in it the medial and lateral longitudinal striae. This thin strip 
is sometimes called the supracallosal gyrus, and is thought to represent a vestigial 
part of the hippocampal gyrus. The fimbria is but the fimbriated, free border of the 
posterior or end of origin of the fornix, so folded as to project into the hippocampal 
fissure, parallel with the dentate fascia. It is a conspicuous band composed almost 
entirely of white substance, continuous laterally with the thick stratum covering 
the ventricular surface of the hippocampus. It begins anteriorly in the hook or 
recurved extremity of the uncus. Traced backwards, it is seen to curve upwards, and 
within the ventricle it becomes part of the general accumulation of the white sub- 
stance (alveus) of the surface of the hippocampus, which accumulation is the be- 
ginning of the fornix. The free border of the fimbria (seen in section) is known as 
the tenia fimbrie. The fimbria is separated from the cerebral peduncles by the 
chorioid fissure, the thin, non-nervous floor of which alone intervenes between the 
exterior of the brain and the cavity of the lateral ventricle. 

The hippocampal fissure attains its greatest depth between the dentate fascia and 
the hippocampal gyrus, and the resulting eminence produced in the floor of the lateral 
ventricle is known as the hippocampus major, as distinguished kom the lesser 
eminence produced posteriorly by the end of the calcarine RS known as the 
hippocampus minor (calcar avis). The collateral fissure mageNG*wise produce a 
bulging in the wall of the ventricle, the collateral eminence. Mie sections of 
the hippocampus major, the layers of grey and white subgffiqoe present a coiled ap- 
pearance known as the cornu ammonis. [Externally medial surface of the 
hippocampal gyrus adjoining the dentate fascia has “ted over it a delicate re- 
ticular layer of white substance known as the syl ta reticularis alba (Arnold). 

The fornix is the great association pathw: i te e limbic lobe, and is largely 
concerned in the apparatus of the rhinencephe It is a bilateral structure arched 
beneath the corpus callosum, with which it,iiNgonnected anteriorly by the septum 
pellucidum. Posteriorly it passes in O the splenium. It consists of two 


prominent strips of w hite substance, M sach hemisphere, the ends of which are 
separate from each other, while thena ap parts are fused across the mid-line. 
These run above the tela UN 1e third Korm le, and their lateral edges 
(tæniæ fornicis) rest, on each Jóng the line of the tenia chorioidea. The 


posterior, separate ends are ki as e posterior pillars or crura of the fornix; the 
fused, intermediate porti N body, and the separate, anterior ends are the an- 
terior pillars or columns A tle fornix. 

The posterior pill s Or crura of the fornix.— When seen from the medial 


aspect of the hemisp ps fused portion of the fornix, in the separation of the 
hemispheres, is spli ng the mid-line (fig. 619). The half under examination may 


be seen to S es iquely outwards under the splenium of the corpus callosum, 
and then, c Wous with the fimbria, to curve forwards and downwards towards 
the uncus. NT mass of the fibres coursing in the fornix arise as outgrowths 
of the cellg of Phe uncus, hippocampal gyrus, and dentate fascia. They accumulate as 
a deps tum on the ventricular surface of these gyri, termed the alveus, which 
CrQps yards as the fimbria and which passes backwards and upwards; upon reach- 
inghe region of the splenium it turns obliquely forwards under it and approaches the 
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mid-line, to fuse with the like bundle from the hippocampal gyri of the opposite side. 
The bundles thus arising from the two sides are the posterior pillars or crura of the 
fornix. They appear as two flattened bands of white substance which come in close 
contact with and even adhere to the splenium. 

The angle formed by the mutual approach of the posterior pillars of the fornix is 
crossed by a lamina of commissural fibres connecting the hippocampal gyri of the 
two hemispheres (fig. 631). This laminaisthehippocampal commissure (psalterium 
or lyra), and being of a different functional direction, should not be considered a 


Fic. 629.—DIAGRAM SHOWING FORNIX AND ITs CONNECTIONS AS SEEN FROM ABOVE. 


OLFACTORY BULB | | 


MEDIAL OLFACTORY STRIA 


SUBCALLOSAL GYRUS 
ANTERIOR COLUMN 


FIMBRIA 
THALAMO-MAMMILLARY 
FASCICULUS 

STRIA TERMINALIS OF 

THALAMUS i} E Po. AM 

CUBE NU Ar ^ A ||| —- HIPPOCAMPUS MAJOR 
THALAMUS 

POSTERIOR PILLAR 


YA— DIGITATIONS (PES) OF THE 
E HIPPOCAMPUS 
— Ù AMYGDALOID NUCLEUS 


EPIPHYSIS 


HIPPOCAMPAL COMMISSURE (LYRA) 


part of the fornix. Usually the hippocampal commissure and the posterior crura 
are in close contact with the under surface of the splenium. When occasionally 
they do not adhere, the space between is known as Verga’s ventricle. 

The body of the fornix appears as a triangular plate of white substance produced 
by the fusion of the pillars. Its base or widest portion is behindy It is not always 
bilaterally symmetrical. Its upper surface is attached by the à m pellucidum to 
the under surface of the corpus callosum. Below, it lies oy ela chorioidea of 
the third ventricle, which separates it mesially from the c; of the third ventricle 


ED FROM THE SIDE. 


Fic. 630.—D1AGRAM or COURSE or FORNIX RO’ 
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and laterally, Os the upper surfaces of the thalami. Its sharp lateral edge or mar- 
gin (teeny is) projects into the lateral ventricle of either side in relation with 
the chorióWNolexus of that ventricle, and thus the lateral portion of its upper surface 


forms part of the floor of the lateral ventricle—an arrangement to be expected, since 


th "ior pillars arise from the floor of the ventricle, viz., the hippocampus. The 
g ntNéular portion is covered by a layer of ependyma in common with that lining the 


of the ventricle. 
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The anterior columns or pillars of the fornix are two separate, cylindrical 
bundles which pass forwards from the apex of the body of the fornix and then turn 
sharply downwards along the anterior boundary of the third ventricle, just behind the 
anterior cerebral commissure. A part of each column, the free portion, forms the 
anterior boundary of the interventricular foramen (Monroi). Thence it sinks into 
the grey substance of the lateral wall of the third ventricle (the covered portion), and 
passes ventralwards to the base of the brain, where it appears on the exterior as the 
corpus mammillare (fig. 619). Some of its fibres are interrupted in the nuclei of the 
eorpus mammillare, chiefly in its lateral nucleus; probably most of them merely 
double back, forming a genu. From the corpus mammillare the fibres are disposed in 


Fra. 631.—HonizoNTAL SECTION OF TELENCEPHALON SHOWING BODY or FORNIX AS SEEN FROM 
BELOW AND THE ANTERIOR COMMISSURE IN SECTION. (After Toldt, * Atlas of Human 
Anatomy," Rebman, London and New York.) 
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at least three ways: 


in the anterior nucl 
its cells. "These 
lus, or Pus I 


he greater part perhaps pass directly upwards and are lost 
i the thalamus, where they ramify freely and terminate among 
jus form the bundle known as the thalamo-mammillary fascicu- 
icq d'Azyr; (2) a portion of the fibres join the cerebral peduncle 


near by as N edunculo-mammillary fasciculus, and pass caudalwards., The 
destinatipAÁ of these is stil obscure. Probably they go to the interpeduncular 
Jd doy red nucleus, and the nuclei of the medulla oblongata; (3) a portion 


A. s eo ‘ussate in the basal or dorsal parts of the corpora mammillaria and are 
E ted to both the thalamus and cerebral peduncle of the opposite side. 
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The fornix proper is composed of longitudinally directed fibres, some of which, however, 
cross the mid-line in the region of its body and course in the columns of the opposite side. For 
the greater part, its fibres rise from the cells of the hippocampal gyri, but it is known to contain 
some fibres which arise in the structures of the olfactory lobe proper and course through the 
fornix to the hippocampal gyri. 


The anterior cerebral commissure is only in part concerned in the rhinenceph- 
alon; it consists in greater part of commissural fibres connecting the two temporal 
lobes. It forms one of the three commissures of the telencephalon, the other two 
being the corpus callosum and the hippocampal commissure. It is a bundle of 
white substance with a slightly twisted appearance, which crosses the mid-line in the 
anterior boundary of the third ventricle between the lamina terminalis and the ante- 
rior columns of the fornix (fig. 619), just below the interventricular foramen (fora- 
mina of Monro). In each hemisphere its main or temporal portion passes out- 
wards and slightly backwards beneath the head of the caudate nucleus and through 
the anterior end of the lenticular nucleus, and thence is dispersed to the grey sub- 
stance of the temporal lobe. It contains fibres both to and from the temporal lobe 
of each side. In addition to these fibres the anterior commissure carries in its frontal 
side two sets of fibres belonging to the olfactory apparatus:—(1) fibres arising in the 

olfaetory bulb of one side, which pass by way ‘of the medial olfactory stris thr ough 
it to the olfactory bulb of the opposite side; (2) fibres which pass through it from the 
medial stria (olfactory bulb) of one side to the uncus of the opposite side. 


The anterior commissure is a more primitive commissure than the corpus callosum, in that 
it is present in the lower forms when the latter is absent, and diminishes in relative size and 
importance as the corpus callosum appears and increases in size. In man the appearance of the 
anterior commissure precedes but little that of the corpus callosum. During the fifth month 
the lamina terminalis, which then alone unites the anterior ends of the two hemjspheres, developes 
a thickening of its dorsal portion. In a part of this thickening, transverse fibres begin to appear 
and their increase in number results in the partial separation posteriorly of the part containing 
them from the rest of the lamina, and then follows the differentiation of this part into the anterior 
commissure. The remainder of the thickening of the lamina continues to increase in size with 
the increase of the hemispheres; its upper edge is directed posteriorly, and fibres begin to appear 
in it which arise in the cortex of one side and cross over to that of the other side. "These fibres 
form the corpus callosum. 

The corpus callosum, a development of fibres in the upper, expanded portion of the lamina 
terminalis, thus bridges over a portion of the longitudinal fissure between the hemispheres. In 
the mean time, the fornix arises as two bundles of fibres, one from the hippocampus of each side. 
In the complex mechanics of the development of the cerebrum these t undles approach each 
other under the corpus callosum, fuse for a certain distance, and tog h over the cavity of 
the third ventricle and come to acquire their adult position. "There 5 from these processes of 
growth a completely enclosed space, a portion of the longitudinaj 'e, the roof of which is the 
corpus callosum, its floor, the body of the fornix, and its late: alls, portions of the mesial 
surfaces of the two cerebral hemispheres. The lateral walls & Wis space do not thicken as do 
te the septum pellucidum of the 


the other regions of the pallium, but remain thin and Cy : > Se , pe 
adult, the space itself being the so-called fifth ventricle oPwfty of the septum pellucidum, 


The septum pellucidum is a thin, pito etely triangular, vertically placed 
partition which separates the anterior pog{io f the two lateral ventricles from each 
other. Its widest portion lies in front, bOwnded by the genu and rostrum of the cor- 
pus e: illosum, the rostral lamina, and th terior columns of the fornix, to all of which 
it is attached. Prolonged op d © ped the body of the corpus callosum, it nar- 
rows rapidly and terminates at Me of adherence between the posterior portion 
of the fornix and the spleniun corpus callosum. It consists of two thin layers, 
the lamine of the septum idum, arrested developments of portions of the pal- 
lium of the hemispheres. laminz enclose a narrow median cavity known as the 
fifth ventricle (cavity eptum pellucidum). This cavity is of very variable size, 
is completely closed, «ng does not merit the term ‘ventricle,’ as applied to the 
other cavities of (oar in that it has no communication with the ventricular 
system and has ang rent lining from the other ventricles. 


c 


Each KCN he septum pellucidum consists of a layer of degenerated grey substance next 
to the fifth NN. e and a layer of white substance next to the lateral ventricle, the latter covered 
by a laye SS ondyma common to that ventricle. ‘The white substance consists in part of fibres 
fi NA he general association systems of the hemispheres, and in part of two varieties 
of fibres « icerned with the rhinencephalon :—(1) fibres from each. medial olfaetory stria are 
o reach the septum pellucidum and thence go by way of the fornix to the hippocampus 
NX 2) fibres are thought to be contributed by the fornix to the septum pellucidum, and 
I 


thr 
lb. 


gh it reach the subcallosal gyrus and perhaps ‘the parolfactory area and even the olfactory 
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THE LATERAL VENTRICLES 


Two of the four cavities of the ventricular system of the brain are in the 
teleneephalon. Form their position, one in each cerebral hemisphere, they 
! are known as the lateral ventricles. They arise as lateral dilations of the cavity 
; of the anterior of the primary vesicles, and, just as the fourth ventricle remains 
in communication with the third by way of the aqueductus cerebri, so the lateral 
are connected with the third by the two interventricular foramina (Monroi). The 
whole ventricular system, including the central canal of the spinal cord, is lined 


Fic. 632.—A Cast or THE Four VENTRICLES OF THE ENCEPHALON. (After Welcker.) 
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by a continuous layer of ependyma and contains a small quantity of lymph known 
as the cerebro-spinal fluid. 

Each lateral ventricle is of an irregular, horseshoe shape. It consists of a central 
portion or body and three cornua, which correspond to the three poles of the nemi- 
sphere. The portion projecting into the frontal lobe is known as the anterior cornu, 
that projecting into the occipital lobe is the posterior cornu, and the ‘portion which 
sweeps downwards into thé temporal lobe is the inferior cornu. N ies of dif- 


(Qon HEMISPHERE 
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Fic. 633.—DrAGRAM or SAGITTAL SECTION THROUGH LATERAL PAR; 
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ferent indivi vary considerably in capacity, and the 

is not unif&m throughout. 

while à 
lategal 


'avity of a given ventricle 
In some localities the space may be quite appreciable, 
r places the walls may be approximate or even in apposition. Each 
rfcle is a completely closed cavity except at the interventricular foramen. 
er, a strip of the floor of the inferior cornu is separated from the exterior of 
áin by only the thin, non-nervous lamina forming the floor of the chorioid fissure. 
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The interventricular foramen (foramen of Monro), by which the lateral ven- 
tricle is continuous with the cavity of the third ventricle, is a small, roundish channel, 
2 to 4 mm. wide, which opens into the mesial side of the posterior end of the anterior 
cornu. It is bounded in front by the free portion of the anterior pillars of the fornix, 
and behind by the anterior tubercle of the thalamus. That the greater part of the 
lateral ventricle is posterior to it is due to the backward extension of the hemispheres 
during their growth and elaboration. Through the two foramina indirectly, the 
cavities of the two lateral ventricles are in communication with each other. 


The walls of the lateral ventricle.—The anterior cornu is a bowl-like cavity, 
convex forwards and extending upwards and medianwards into the frontal lobe. 


Fig. 634.—HonizoNTAL DISSECTION OF THE CEREBRAL HEMISPHERES. 


The fornix has been removed to show the relation of the tela chorioidea of the third ventricle 
to the chorioid.plexus of the lateral ventricles. (From a mounted specimen in the Anatomical 
Department of Trinity College, Dublin.) 


CORPUS 
CALLOSUM 
(in section) 

SEPTUM 
PELLUCI- 
DUM 


_ FIFTH 
VENTRICLE 


CAUDATE 
NUCLEUS 


ANTERIOR 
PILLARS 


OF FORNIX STRIA TER- 


MINA LIS 

OF THALA- 

MUS 
THALAMUS 


Tela 
chorioidea 
(velum inter- 
positum) 

Chorioid plexus 

FIMBRIA 

HIPPOCAM- 

PUS MAJOR 

EMINENTIA 
COLLA TER- 
ALIS 


Veins of Galen 


POSTERIOR 
PILLARS 
OF FORNIX 


Straight sinus i 

HIPPO- 
CAMPUS 
MINOR 


CERE- 
BELLUM 


Above and anteriorly X, iy bounded by the under surface of the corpus callosum and 
the radiations of jtyegnu into the substance of the frontal lobe. Its median boundary 
is the septum dum; the head of the caudate nucleus (part of the corpus 
striatum) gives bulging, ventro-lateral wall, and the balance of its floor is formed 
by the whste(sWNostance of the orbital part of the frontal lobe. 


The or central portion is more nearly horizontal. It lies within the 
parietal > and extends from the interventricular foramen to the level of the 
splegi&m of the corpus callosum. Its roof is formed by the inferior surface of the 
Mi the corpus callosum, and its mesial wall consists of the posterior part of the 
AQ pellueidum, attaching the fornix to the under surface of the corpus callosum. 
ke the anterior horn, it is given an oblique, ventro-lateral wall by the narrower, 
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middle part of the caudate nucleus. Several structures contribute to its floor:— 
(1) the stria terminalis of the thalamus, a line of white substance conforming to the 
genu of the internal capsule without, and constituting the boundary between the 
eaudate nucleus and the thalamus, and containing (2) the vena terminalis (vein of the 
corpus striatum); (3) the lamina affixa, a medial continuation of the stria terminalis 
upon the surface of (4) the latéral part of the thalamus; (5) the medial edge of the 
lamina affixa, the tania chorioidea, and the chorioid plexus continuing under (6) the 
edge (teenia) of the body and the beginning posterior pillars of the fornix. 

The chorioid plexus of the lateral ventricle is continuous with that of the third 
ventricle. The tela chorioidea of the third ventricle (velum interpositum) con- 
tinues under the tzenia of the fornix into the lateral ventricle, and there, along the line 
of the tenia chorioidea, becomes elaborated into a varicose, convoluted, vilus-like 
fringe, rich in venous capillaries and lymphatics. This fringe is the chorioid plexus. 
It is continuous in front, at the interventricular foramen, with the corresponding 
plexus of the opposite lateral ventricle and with the chorioid plexug of the third 


Fic. 635.—DIAGRAMMATIC TRANSVERSE SECTION OF PROSENCEPHALON THROUGH BODIES OF 
LATERAL VENTRICLES AND MIDDLE OF lHALAMENCEPHALON. 
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ventricle. The latter consists of two (inNlar but smaller fringes, which project close 


together into the cavity of the tarQ@prtricle from the median portion of the under 
surface of the tela chorioidea. “ind, the chorioid plexus of the lateral ventricle 


X5 into the inferior cornu, being especially well- 
developed at the region of Ks e$trance into the latter, into what is called the glomus 
chorioideum. "Though appWfently lying free in the ventricle, the chorioid plexus is 
invested throughout Ne layer of epithelium, the epithelial chorioid lamina, 
which is adapted to S unevennesses of surface and which is a continuation of the 
ependymal lining e remainder of the ventricle,—continuous, on the one hand, 
with that of t nina affixa and thalamus, and, on the other, with the epithelial 

covering UPN * upper surface of the tænia fornicis and fimbria. 
The pogteNor cornu of the lateral ventricle is a crescentic cleft of variable length, 
convex gtWards, which is carried backwards from the posterior end of the body of the 
nd, curving medianwards, comes to a point in the occipital lobe. Its roof 


eurves baekwards and do 


€ 


which forms a layer, from its appearance known as the tapetum. In trans- 
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. verse sections of the occipital lobe (fig. 643) the tapetum appears as a thin lamina of 


obliquely eut white substance immediately bounding the cavity, while outside the 
tapetum occurs a thicker layer of more transversely cut fibres, the occipito-thalamie 
radiation. In the medial or inner wall of the posterior horn run two variable longi- 
tudinal eminences:—(1) The superior of these is the bulb of the posterior cornu, 
and is formed by the occipital portion of the radiation of the corpus callosum (sple- I 
nium), which bends around the impression of the deep parieto-occipital fissure, and, 
hook-like, sweeps into the occipital lobe. In horizontal sections these fibres, together 
with the splenium and the similar fibres into the opposite occipital lobe, form the figure 
known as the forceps major. (2 ) The inferior and thicker of the eminences is the 
hippocampus minor or calcar avis (cock's spur), and is due to the anterior part of 
the ealearine fissure, by which the wall of the hemisphere is projected into the ven- 
tricle. The posterior horn, like the anterior, is not entered by the chorioid plexus. 

The inferior cornu.—In its inferior and slightly lateral origin from the region 
of junction between the body of the ventricle and the posterior cornu, the inferior 
horn aids in producing a somewhat triangular dilation of the cavity known as the 
collateral trigone. Beginning as a part of the trigone, the cavity of this horn at 
first passes backwards and lateralwards, but then suddenly curves downwards and for- 


———— 


Fie. 636..—DIssEcTION Or RIGHT TEMPORAL LOBE SHOWING THE MEDIAL WALL OF THE END 
OF THE INrERIOR HORN or THE LATERAL VENTRICLE. (From Spalteholz.) 
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wards into the medial part of the tem] Ns nearly parallel with the superior tem- 
poral sulcus. Above, it follows thegscurve of the posterior pillars of the fornix and 
fimbria; below, it does not extet he temporal pole by from 2 to 3 em. The roof 
and lateral wall are, for the m t, like those of the posterior horn, being formed 
by the tapetum, but mediaqN(MfJs strip of the roof is formed by the attenuated, infe- 
rior prolongation, or tail, 'audate nucleus, together with the lower part of the 
stria terminalis of tł mus. At the end of the inferior horn the roof shows a 
bulging, the amygdaleidJtubercle, situated at the termination of the tail of the cau- 
date nucleus. This, bul®ing is produced by the amygdaloid nucleus, an accumulation 
of grey substan Sinwous with that of the cortex of the temporal lobe, and which 
gives origin to N vreater part of the longitudinal fibres coursing in the stria termi- 
nalis of the nus. 

In t al wall and floor of the inferior horn the following structures are 
shown NN In the posterior or trigonal part of the floor is the longitudinal col- 
lateral eminence, a bulging, very variable in development in different specimens, pro- 

uae y the collateral fissure. This is often pronouncedly in two parts, a posterior 
nce eorresponding to the middle portion of the collateral fissure and an anterior 


————— 


i 


p 
Qyrininene (less frequent) produced by the anterior part of the fissure. (2) Medial 
Q 0 this eminence lies the inferior extension of the chorioid plexus, usually more vol- 


— 
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uminous than the part in the body of the ventricle. (3) Partly covered by the 
chorioid plexus is the hippocampus major, a prominent, sickle-like ridge correspond- 
ing to the indentation of the hippocampal fissure. It begins as a narrow ridge behind, 
at the end of the body of the ventricle, as the extension of the posterior pillar of the 
fornix, and expands in front as the ventricular surface of the uncus. Its surface is not 
regular, but shows a concave medial margin as distinguished from a wider, convex, 
lateral.surface. Its termination in front (pes hippocampi) is divided by two or three 
flat, radial grooves into a corresponding number of short elevations known as the hip- 
pocampal digitations. It is covered by a thick stratum of white substance, the 


Fra. 637.—DrAGRAMS OF LATERAL VIEW AND SECTIONS OF THE NUCLEI OF THE CORPUS STRIA- 
TUM WITH THE INTERNAL CAPSULE OMITTED. 
A and B below represent horizontal sections along the lines A and B in the figure above. 
The figure also shows the.relative position of the thalamus and the amygdaloid nucleus. 


SEs- ee CAUDATE NUCLEUS 


ee aN —— THALAMUS 
eea WEEX OX 


d LENTICULAR NUCLEUS 


AMYGDALOID NUCLEUS 


CAUDATE NUCLEUS 


THAL N 
Qa TE NUCLEUS 


INTERNAL CAPSULE 
LENTICULAR NUCLEUS 


- CAUDATE NUCLEUS 


THALAMUS 


CAUDATE NUCLEUS 


INTERNAL CAPSULE 


alveus, arising from NE and continued mesially into the fimbria. (4) The 
fimbria is so PAPE its margin, tenia fimbrie, lies in the cavity of the inferior 
horn attached QN forioid plexus and the thin, non-nervous floor of the chorioid 


fissure. NS 

The cau ucleus.—As realised in the study of the lateral ventricle, the cau- 
date nucleas ifa comma-shaped mass of grey substance with a long, much-curved, 
and att ed tail. Its head forms the bulging lateral wall of the anterior horn; 


theqce roceeds backwards in the lateral wall of the body of the ventricle and, at 
the ateral trigone, curves downwards and its tail becomes a median portion of the 


the inferior horn. It is separated from the thalamus adjacent to it by the stria 
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terminalis of the thalamus (tzenia semicircularis). The end of its tail extends for- 
wards below to the level of the anterior horn of the ventricle above. ‘Owing to its 
much curved shape, both horizontal and vertical sections of the hemisphere passing 
through the inferior horn may contain the nucleus cut at two places (see fig. 640). 
The caudate nucleus is the intraventricular of the two masses of grey substance which 
together are sometimes referred to as the basal ganglia. The extraventrieular of these 
masses is the lenticular nucleus, which is buried in the substance of the hemisphere, 
laterally and below the caudate nucleus. The two masses are separated by the inter- 
nal capsule, a thick band of nerve-fibres continuous into the cerebral peduncles, and 
connecting the grey cortex of the hemisphere with the structures below it. Anteriorly 
and below, the two nuclei become continuous and the white substance of the internal 
capsule, in separating them posteriorly, contributes to their striated appearance in 
sections, whence they are known collectively as the corpus striatum (figs. 638 and 641). 
The corpus striatum as such is described below. 

Internal structure of the prosencephalon.—From the above examinations of 
their external and ventricular surfaces, it is apparent that the cerebral hemi- 
spheres consist of à folded, external coating of grey substance, the cortex cerebri, 
spread more or less evenly over an internal mass of white substance which contains 
embedded within it certain masses of grey substance, the chief of which are known 

as the basal ganglia or the caudate and lenticular nuclei of the corpus striatum. In 
addition, the hemispheres of the telencephalon overlie and are in functional connec- 
tion with the structures of the diencephalon below, the chief of which are the thala- 
mencephalon and the cerebral peduncles. 

The grey substance of the telencephalon.—The grey substance is in intimate 
relation with the white substance, and in fact its cells give origin to the greater 
part of the fibres composing the white substance. The accumulations of grey sub- 
stance to be considered are the cerebral cortex, with its variations in thickness and 
arrangement, the corpus striatum, the claustrum, and the amygdaloid nucleus. 

The cerebral cortex is distributed over the entire surface of each hemisphere ex- 
cept the peduncular region of the base and the region of the corpus callosum and for- 
nix of the medial surface. Numerous measurements have been made to determine 
its average thickness. These have shown that it is not uniformly distributed :— 
(1) that it is thicker on the convex surface than on the basal and medial surfaces; 
(2) that on the convex surface it is thicker on the centr: rion of the hemi- 
sphere, somesthetic area, than at the poles; (3) that in t age normal speci- 
men it averages somewhat thicker on the left than on th t hemispher e; (4) that 
its average thickness varies greatly in different id als, and that the thick- 
ness decreases with old age; (5) that it is probably s at thicker in males than in 
females, and (6) that in a giv en specimen it aver: fhicker on the summits of the 
gyri than in the floor of the corresponding sule NY¥ the normal adult conditions it 
averages about 4 mm. thick on the anterior sterior central gyri, in the somees- 
thetic area, while it attains its mimimurg t ess of about 2:5 mm. on the basal 
surface of the occipital and frontal lok Its total average thickness is about 
2:9 mm. 


The cortex consists of layers of th -bodies of neurones, chiefly of the pyramidal type 
(fig. 555), which receive impulses from "uctures below and from other regions of the cortex 
by way of fibres reaching them thr e internal mass of white substance, and which in turn 


contribute fibres to the white syltet Yertain fibres of shorter course and numerous collateral 
branches of fibres passing out o¥ Cortex are devoted to the association of the region of their 
origin with the cortex of the j diate vicinity of their origin, and most of these course within 


gyri, such as ‘the anterior central gyri and those of the medial 
‘se short association fibres accumulate into strata, and in vertical 
ratified appearance. Two such strata of white substance m: iy be 


the grey cortex itself.  Infcér 
surface of the occipital mn 


sections give the cort ` 
noted in the abovee]d Pen one lying about midway in the thickness of the cortex and one 
S 


slightly internal tç They are known as the inner and outer stripes of Baillarger. In addi- 
tion, a thin, super l'or tangential layer of fibres may often be distinguished lying in the outer- 
most NEN cortex. ‘Transverse sections through the anterior end of the hippocampus 
show a cc aS EU pn, of the layers of white substance, to which has been given the name 
cornu a? Y he peculiar structure and appearance of the olfactory bulb and tr: ict, parts of 


the cortex already been mentioned. 


+ 


corpus striatum is the name given to the appearance in section of the 

cate and lenticular nuclei (basal ganglia) and the internal capsule between them. 
3e two nuclei are directly continuous with each other at their anterior ends (fig. 637), 
wd in addition they are connected by numerous small bands of grey substance which 


— 


ternal capsule. 
nuclei, together with the grey substance among the fibres of the c 


ribbed and striped appearance suggesting the name, corpus striatum. 
nucleus—the intra-ventricular part of the corpus striatum—lies with its thicker 
anterior part (head) closely related to the internal capsule, but its tail passes back- 
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pass from one to the other through the internal capsule, especially its anterior part. 


Also each nucleus contributes numerous fibres to, and receives fibres from, the in- 
These bundles of fibres both arising and terminating within the 
apsule, produce the 


'The caudate 


wards around the posterior border of the capsule and curves downwards and forwards 
into the roof of the inferior cornu of the lateral ventricle. 

The lenticular nucleus (nucleus lentiformis)—the extraventricular part of the 
corpus striatum—is embedded in the white substance of the cerebral hemisphere. 
It is somewhat pyriform in shape, not being so long as the caudate nucleus, and neither 
having a tail nor extending so far forwards. Its lower surface is separated from the 
inferior cornu of the lateral ventricle by the white substance of the roof of that cornu, 
and by the tail of the caudate nucleus, and, further forwards, the anterior commissure 
passes through its base. Its outer surface is rounded and conforms both. in extent 
and curvature with the surface of the insula, from which it is separated by the fibres 


Fic. 638.—ComoNaL SECTION OF TELECENPHALON Passtnc THROUGH FRONTAL LOBES AND 
ANTERIOR PORTION OF CORPUS STRIATUM. 
(From mounted specimen in the Anatomical Department of Trinity College, Dublin.) 
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of the external capsule and the intervgsjng claustrum. Its oblique upper and inner 
surface is adapted to the outer suy Cr the internal capsule, and it comes to a 
rounded apex in the angle for NN internal capsule and a plane parallel with the 
base of the hemisphere. Inb QS. al and coronal (transverse) sections through 
its middle it resembles a co NO biconvex lens. Internally this appearance is 
produced by two vertice Miri d of white substance, an external and an 
internal medullary la which divide its substance into three zones:—the two 
inner zones together fgsm an area, triangular in section, known as the globus pallidus; 


the outer, larger SONS er, concavo-convex zone is the putamen. Radiating fibres 
minee extend into the zones, especially those of the globus 


from the mec Dro); 
pallidus. T ds 's disappear in transverse sections of the anterior portion of the 
fig. 638), due to the fact that the larger putamen alone comprises 


lenti ular r WY 
this portic alone becomes continuous with the caudate nucleus. 


Co mi -Both nuclei of the corpus striatum become continuous with the cortex 
rig of the anterior perforated substance, and the putamen of thelenticular nucleus may 
nd h"the anterior part of the base of the claustrum. The following are the principal fibre 
ections:—(1) Fibres arising in the nuclei which join the internal capsule to reach the cerebral 
x, and fibres arising in the cortex which descend by the same course to the cells of the 


i. 
| 
| 
D 


858 THE NERVOUS SYSTEM 


nuclei. (2) Fibres which pass in both directions between the thalamus and the corpus striatum 
(caudate nucleus especially). These are more abundant anteriorly, and necessarily pass 
through the internal capsule. (3) The ansa lenticularis, a usually distinct bundle, composed 
largely of fibres passing between the thalamus and lenticular nucleus. It passes from the under 
aspect of the anterior tubercle of the thalamus and curves below through the internal capsule 
to the under surface of the lenticular nucleus, and there its fibres are distributed upwards through 
its medullary lamina to the globus pallidus and putamen. Some enter the internal capsule 
and reach the cortex, chiefly that of the temporallobe. (4) Fibres connecting both nuclei (chiefly 
the caudate) with the substantia nigra of the mesencephalon. ‘These pass through the hypo- 
thalamic region and along the cerebral peduncle. 


The claustrum is a triangular plate of grey substance which is embedded in the 
white substance between the lenticular nucleus and the insula. Its inner surface is 
concave, conforming to the convexity of the putamen. The sheet of white substance 
intervening between it and the putamen is known as the external capsule. Its 
outer surface shows ridges or projections in section which conform to the neighbour- 
ing gyri of the insula, and it is spread through an area which quite closely corresponds 
to that of the insula. Below and anteriorly it becomes continuous with the cortex 


Fia. 639.—Coronat SECTION OF TELENCEPHALON THROUGH THE ANTERIOR COMMISSURE, OPTIC 
CHIASMA, AND TRUNK OF Corpus CALLosuM. (After Toldt, ‘ Atlas of Human Anatomy," 
iebman, London and New York.) 
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of the anterior perforated substance d with the lenticular nucleus at the region of 
its junction with the latter. Ay: nd posteriorly it gradually becomes thinner, 
and finally disappears in the NNe substance about it. In origin it is thought to be 
a detached portion of thes i grey substance of the insula. 

The amygdaloid n nucleus amygdals) is represented by the amygdaloid 
tubercle, which has alreaw^ been described in the extremity of the inferior cornu of 
the lateral saine Ho 614 and 637). It isan almond-shaped mass of cells joined to 
the tail of the cayey nucleus, continuous above with the putamen and anteriorly 
with the cortex, e temporal lobe. 


* 

Apparet NN chief connection of the amygdaloid nucleus is with the anterior perforated 

pubstance NON his by way of the stria terminalis oj the thalamus. The longitudinal fibres 
1 


À 
tINs bundle for the most part arise in the nucleus. 


coursing Thence they pass backwards in 
the roo the inferior cornu, then curve upwards and anteriorly just outside the pulvinar of 
thee is, and run in the floor of the body of the lateral ventricle along the line of the 

enu internal capsule, forming the boundary between the thalamus and the caudate 


neiuleus (figs. 614 and 638). 
rse, and are said to terminate in the anterior perforated substance. 


Upon reaching the anterior commissure, the fibres turn ventrally and 
The amygdaloid 
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nucleus, like the claustrum, is thought to represent a detached portion of the cortex—probably 
from the region of the uncus. Considering this and its chief connection, it may be concerned 
in the central portion of the olfactory apparatus with the stria terminalis, which tnus may be 
somewhat homologous to the fornix. 


The thalamus and hypothalamus.— The external features of these portions of 
the prosencephalon have been described in their natural place, but inasmuch as they 
contain the chief relays and connections between the telencephalon and the divisions 
of the nervous system below the prosencephalon, the consideration of their internal 
structure has been deferred till now. The principal grey masses to be considered are 
the thalamus and the hypothalamic nucleus. The structures of the metathalamus 


Fia. 640.—HomrzoNTAL DISSECTION SHOWING THE GREY AND WHITE SUBSTANCE OF THE 
TELENCEPHALON BELOW THE CORPUS CALLOSUM AND THE RELATIVE POSITION OF THE 


THALAMENCEPHALON. (After Landois and Stirling.) 
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already been mentioned in their relations with the mesen- 
cephalon and the * and auditory apparatus. 

The thalam &s upon its upper surface a thin stratum zonale of white sub- 
stance, deriye jart from the optic tract and in part from its own cells. Its 
oblique l: NN urface conforms to the inner surface of the internal capsule; its 
vertieal NN surface forms the lateral wall of the third ventricle, and below it is 
continuqus Into the hypot 


and epithalamus hay 


halamie (tegmental) region. Its dorsal surface shows a 

midd anterior, and a posterior prominence or tubercle. The anterior tubercle 

yr Jhe posterior boundary of the interventricular foramen; the posterior tubercle 

Nhe cushion-like pulvinar which projects backwards over the lateral geniculate 
y and the brachium of the anterior quadrigeminate body. 
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A horizontal section through the tenia thalami, splitting the stria medullaris and 
thus passing above the massa intermedia, shows the grey mass of the thalamus 
divided into segments or nuclei by a more or less distinct internal medullary lamina. 
This extends the whole length of the thalamus, dividing its middle and posterior 
portion into the medial and the lateral nucleus. In front the lamina bifur cates 
into a medial limb, extending to the medial surface of the thalamus, and a lateral 
limb, extending forwards to join the genu of the internal capsule (fig. 641). "This bi- 
furcation results in a cup-like sheet of white substance which encloses the anterior 
nucleus. On the external surface, next to the internal capsule, there may usually 
be distinguished an external medullary lamina, separated from the white sub- 
stance of the c: ipsule by a reticular layer of mixed white and grey substance. 

The anterior nucleus, lying partially encapsulated in the bifurcation of the in- 
ternal medullary lamina, is somewhat wedge-shaped and points backwards between 
the front portions of the lateral and medial nuclei. It is composed chiefly of large 
cells, and constitutes the anterior tubercle of the dorsal aspect. Its principal connec- 
tion from below is with the nuclei of the mammillary body of the same and opposite 
sides, and with fibres from the anterior columns of the fornix direct. The fibres from 


Fic. 641.—Coronau SECTION OF PROSENCEPHALON THROUGH THALAMENCEPHALON AT REGION 


or Corpora MAMMILLARIA. (Seen from in front.) (After Toldt, “Atlas of Human Anat- 
omy," Rebman, London and New York.) 
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(Gp.0-mammillary jasciculus (figs. 619 and 641). 
The significance of this connection ted in the description of the limbic lobe. 


The lateral nucleus, lyingyb@yeet the external and internal medullary lamine, 
extends backwards to includeWNe"entire pulvinar, which, as already noted, together 
with the lateral geniculage Kody’, constitutes the prosencephalic nucleus of termina- 
tion of the optic tract(and the stratum zonale upon the surface of this nucleus 
might be called ue strate opticum. The anterior portion of the lateral nucleus 
also receives fibres Ww from the red nucleus, from the brachium conjunctivum 
(cerebellum dre some fibres of the medi: il lemniscus terminate about its 


cells 
The me qose ies inside the internal medullary lamina and forms the pos- 


terior S he lateral wall of the third ventricle. It is shorter than the lateral 
nucleus,an less extensively pervaded by fibres. It is thought to receive fibres 
from ta red ET, ME pert ie some iem the IUD US, ae is paually con- 


both sources enter it by way of the ¢/ 
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passing between the two through the internal capsule directly, and by fibres curving 
from below, chiefly from the lateral and medial nuclei, and passing in the ansa lentic- 
ularis. 

The cortical connections of the thalamus are abundant. They consist of 
fibres both to and from the cortex of the different lobes of the hemisphere, the greater 
part arising in the thalamus and terminating in the cortex. These fibres collect in 
the internal and external medullary laminz and the stratum zonale; most of them 
enter the internal capsule and thence radiate to the different parts of the cortex. 
They form the so-called peduncles of the thalamus, which have been distinguished 
both by the Flechsig method of investigation and by the method of degeneration. 
The anterior or frontal peduncle passes from the lateral and anterior part of the 
thalamus through the frontal portion of the internal capsule, and radiates to the 
cortex of the frontal lobe. The middle or parietal peduncle passes from the lateral 
surface of the thalamus through the intermediate part of the internal capsule, and 
upwards to the cortex of the parietal lobe. The posterior or occipital peduncle 
passes chiefly from the pulvinar, through the occipital portion of the internal capsule, 
and radiates backwards to the occipital lobe by way of the occipito-thalamic (optic) 

radiation (fig. 643). The inferior peduncle passes from the inner and under surface 
of the thalamus (from the anterior part chiefly), turns outwards to course beneath 
the lenticular nucleus, and radiates to the cortex of the temporal lobe and insula. 
Many of the fibres of this peduncle course in the ansa lenticularis (fig. 641). Some 
turn upwards in the external capsule to reach the cortex above the insula. 

The hypothalamic nucleus, or body of Luys, is the principal nucleus of termi- 
nation of the medial lemniscus, the great sensory cerebro-spinal pathway. It con- 

tains the cell-bodies of the neurones of the third order in this pathway, those of the 
first order being situated in the spinal ganglia, and those of the sec ‘ond order in the 
nuclei of the fasciculus gracilis and fasciculus cuneatus. It is a biconvex mass of 
grey substance situated below the lateral and anterior nuclei of the thalamus, and 
between these and the basis of the cerebral peduncle, or rather the substantia nigra, 
which is spread upon the dorsal surface of the peduncle, and which, though greatly 
diminished, extends into the hypothalamie region. 'The hypothalamic nucleus pre- 
sents a brownish-pink colour in fresh material, due to pigment in its cells and to 
its abundant capillary supply. It is enclosed by a thin capsule of white substance, 
some of the fibres of which seem to decussate with those of the gpNosite side in the 


floor of the third ventricle, above and just behind the region ofy cQpora mammil- 
laria. By far the greater part of the fibres arising from the Is join the internal 


Ps and through it ascend to radiate to the cortex of )re- and post-central 


Ne thalamus and the hypo- 
thalamic 2:500 een to Tu 80- lied Kor Ser i Of the cerebral hemisphere. 


to the thalamencephalie portion of the dience though mention of them and 
their connections has beea deferred bi sd ue fact that they are encountered in 
sections for the internal structure of TCS neephalon, since, as usually studied, 
such sections are made to involve both telencephalon and the diencephalon. 
These structures are the habenular nu and the fasciculus retroflexus of Meynert. 

The habenular nucleus, a par ne epithalamus, is a small group of nerve 
cells situated in the substanc low and lateral to the epiphysis. A small 
bundle of fibres crossing the 1 under the epiphysis in the dorsal aspect of the 
posterior cerebral commiss as been called the commissura habenularum, from 
the fact that it apparent} ects the habenular nuclei of the two sides. 

The fasciculus retr us (Meynerti) is a relatively strong bundle of medul- 
lated fibres which ee) ventralwards and slightly caudalwards from the habenular 


nucleus tow: ards e enero: portion of the interpeduneular fossa. It has been 
shown that mar east, of the fibres of this bundle arise from the cells of the 
habenular we SUN its slightly caudad course, the bundle passes obliquely 
through th NEG loas, entering the mesial superior aspect and making its exit 
from the véqió-mesial side of the inferior extremity of this nucleus. In the animals 


in whiqhNt has been studied, the bundle seems to terminate in the ?nterpeduncular 
gansjfe«"*& group of nerve cells lying in the floor of the interpeduncular fossa at 

] of the inferior quadrigemina. In man, the interpeduncular ganglion is 
e ngly absent as such, and the bundle seems to disappear in the posterior per- 
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forated substance. However, the microscope shows cells scattered among the 
fibres of the bundle and these cells probably represent the ganglion. 

The white substance of the telencephalon.—A horizontal section through 
the upper part of the trunk of the corpus callosum will pass above the basal grey 
substance of the corpus striatum, and, aided by the corpus callosum, each hemi- 
sphere in such a section will appear as if consisting of a solid, half-oval mass of white 
substance, bounded without by the grey layer of the cortex (fig. 620). As seen at 
this level, the white substance of each hemisphere is known as the centrum semi- 
ovale. Horizontal sections passing below the body of the corpus callosum involve 
the corpus striatum and thalamus, and the appearance of the white substance is 
modified accordingly (fig. 640). 


Fra. 642.—OBLIQUE FRONTAL SECTION THROUGH THE BRAIN IN THE DIRECTION OF THE CEREBRAL 
PEDUNCLES AND THE Pyramips. (Seen from in front.) (After Toldt, “Atlas of Human 
Anatomy," Rebman, London and New York.) 
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Me cerebral hemispheres as a whole three main systems 
jection fibres, commissural fibres, and association fibres. 
& those of a more or less vertical course, which pass to and 
»emisphere, connecting it with the structures below the con- 
re. The commissural fibres are those of a transversely horizontal 
vs the mid-line and connect the two hemispheres with each other. 
The asso bres are those which neither cross the mid-line nor pass beyond the 
bounds o hemisphere in which they arise, but instead connect (associate) the 
differepA parts of the same hemisphere—lobes with lobes and gyri with gyri. The 
fib Meh connect the cortex with the nuclei of the corpus striatum must be classed 

> awwéciation fibres also, since these masses of grey substance are a part of the 
Qe phalon, while by definition those which connect the thalamus and hypothala~ 
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mus with the cortex belong to the projection system. Some of the fibre bundles of 
the above systems have already been described in connection with the parts with 
wnieh they are concerned. 

The projection fibresof the hemisphere comprise both ascending and descending 
fibres between the cerebral cortex and structures below the bounds of the hemisphere, 
ie., some arise in the structures below and terminate in the cortex; others arise 
from the cortical cells and terminate in the structures below, including the grey 
substance of the thalamencephalon, mesencephalon, rhombencephalon, and spinal 
cord. The projection fibres are given different names in the hemisphere according to 
their arrangement and the appearances to which they contribute in the dissections. 
Beginning with the basis of the peduncle, they contribute—(1) to the internal 
capsule and some to the external capsule and (2) to the corona radiata. 

The internal capsule is a band of white substance, consisting of the ascending 
fibres from the nuclei of the thalamus, hypothalamus, and corpus striatum, reinforced 
by the descending fibres from the cortex to these nuclei and by those descending 
in the cerebral peduncle to reach the structures below the prosencephalon. It is a 


Fra. 643.—CoRoNaAL SECTION THROUGH THE SPLENIUM OF THE CORPUS CALLOSUM AND THE 
POSTERIOR CORNUA OF THE LATERAL VENTRICLES. (Viewed from behind.) (After Toldt, 
* Atlas of Human Anatomy," Rebman, London and New York.) 
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sphere upwards, and which is spres zeen the lenticular nucleus on its outer side 
and the caudate nucleus and th! 1 its inner side. To reach the cortex above, 
its fibres necessarily pass thr N the radiations of the corpus callosum, and thus, 
together with the corpus ds. the fan-like bands of the two hemispheres form a 
capsule containing the thAjarji, the third ventricle, the caudate nuclei, and the ante- 
rior and central portiops of The lateral ventricles. In sections, each internal capsule 
appears bent at an* Co. the genu, which approaches the cavity of the lateral 
ventricle along the NW the boundary between the thalamus and the caudate nucleus. 
Along the Eo CN he stria terminalis of the thalamus, and through the genu the 
capsule reeq'WfNWbres from the internal medullary lamina of the thalamus, from 
the NN ale of the thalamus and from that of the caudate nucleus. At the 
genu each capsule is separable into two parts:—(1) the frontal portion, spreading 
betwe e caudate and lentieular nuclei; (2) the occipital portion, between the 
legticW]3k fucleus and the thalamus. 


broad, fan-like mass of fibres, which der in width from the base of the hemi- 
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he corona radiata.— Above the corpus callosum, and in part joining its radia- 
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tions, the fibres of the internal capsule are dispersed to the cortex in all directions. 
The appearance known in coronal sections of the hemispheres as the corona radiata 
is produced both by the upper continuations of the internal capsule and by the 
radiations of the corpus callosum. The radiations derived from the internal capsule 
may be divided into a frontal, parietal, and occipital part, corresponding to the 
frontal, parietal, and occipital peduncles of the thalamus. 

The radiation derived from the occipital portion of the internal capsule is sub- 
divisible into—(1) an anterior part, passing between the lateral portion of the thala- 
mus and the cortex directly above and the cortex of the temporal lobe, and (2) a 
posterior part, passing from the region of the lenticular nucleus backwards into the 
occipital lobe. The latter part accumulates into a well-defined band of fibr es spread 
in the lateral wall of the posterior cornu of the lateral ventricle immediately outside 
the tapetum. This band consists, for the most part, of fibres arising in the pulvinar, 
the lateral geniculate body, and the superior quadrigeminate body, and is known as 
the occipito-thalamic radiation, or, more commonly, the optic radiation, since the 
fibres of which it is composed are chiefly concerned in the optic apparatus. 

The external capsule is, as already noted, a thin sheet of white substance spread 
between the claustrum and the lenticular nucleus. It owes its appearance as such 
to the presence of the claustrum. It joins the internal capsule at the upper, pos- 
terior, and anterior borders of the putamen, and below the claustrum it is continuous 
with the general white substance of the temporal lobe. Thus it contributes to an 
encapsulation of the lenticular nucleus by white substance. Most of the fibres con- 
tained in it belong to the association system. Its projection fibres consist of those of 
the inferior pedyncle of the thalamus, which pass from the under surface of the thala- 
mus and, instead of continuing below to the cortex of the temporal lobe and insula, 
turn upw vards, around the lenticular nucleus to the cortex above the insula. 

The ascending projection fibres arise mostly from the cells of the nuclei of the 
thalamus and hypothalamic nucleus; some arise from nuclei in the mesencephalon 
and cerebellum. They may be summarised as follows:— 

(1) The terminal part of the general sensory pathway of the body. The portion of the 
medial lemniscus which arises in the nuclei of the fasciculus gracilis and cuneatus 
terminates in the hypothalamic nucleus and the ventral portion of the lateral nucleus 
of the thalamus. The projection fibres given off by the latter nuclei pass chiefly 
through the anterior part of the occipital portion of the internal apsule and radiate 
to and terminate in the somesthetic area of the cortex. Qo pass outside 
around the lentieular nucleus, and ascend by way of the al capsule. 

(2) The terminal part of the general sensory pathway head and neck. The 
nuclei of termination of the sensory portions of the cpfuiN nerves of the rhomben- 
cephalon (except the nuclei of the auditory nerve) ga«Nibres which course upwards 
in the medial lemniscus (fillet) and reticular dips: of the same and (chiefly) the 
opposite sides and terminate in the ventro-latera tions of the thalamus and in the 
hypothalamienucleus. Thencearise project; es which ascend to the somsesthetic 
area by practically the same route as thos g general sensory system for the body. 

(3) The terminal part of the auditory pRhway. The ventral and dorsal nuclei of 
termination of the cochlear nerve estaOlsh connections with the inferior quadri- 
geminate body, the medial geniculafeybody, and the nucleus of the lateral lemniscus. 
These nuclei send projection fiby rough the anterior part of the occipital por- 
tion of the internal capsule, an e by the temporal portion of the corona radiata 
to the cortex of the superio rfl gyrus (auditory area). Probably some of these 
fibres pass by way of the inZqNQv peduncle of the thalamus. Some of the fibres arising 
in the nuclei of termipetiQrJof the vestibular nerve convey impulses which reach 
the somsesthetic area, Rut fhe origin of the terminal portion of this system is uncertain. 

(4) The termina partoj the visual pathway. The cells of the pulvinar, the lateral 
geniculate body," he nucleus of the anterior quadrigeminate body, all serving as 
nuclei of termi n of the optic tract, give off projection fibres which pass by way 
of the occipi "tion of the internal capsule and the occipito-thalamie radiation to 
the cort N he occipital lobe, chiefly the region about the posterior end of the 
calcarii S l 


¢ 


ire—the visual area. 

terminal ascending cerebellar pathway. The fibres of the brachium con- 
"yim, after decussating, terminate both in the red nucleus and in the lateral 
n i9of the thalamus. Some fibres from the red nucleus become projection fibres 
eli others terminate in the medial and anterior portion of the lateral nucleus of 
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the thalamus. From the thalamus the projection fibres of this system pass in the 
general thalamo-cortical path to the somæsthetic area. 

The descending "projection fibres arise as outgrowths of the pyramidal cells of 
the respective regions of the cerebral cortex, in which the ascending fibres terminate. 
The principal groups of these are as follows:— 

(1) The pyramidal fasciculi. The fibres of this group arise from the giant 
pyramidal cells of the posterior central gyri and anterior end of the paracentral lobule 


Fic. 644.—DIAGRAMS SHOWING THE GENERAL SENSORY AND ASSOCIATION AREAS OF THE CONVEX 
AND MEDIAL SURFACES OF CEREBRAL HEMISPHERE. (From Spalteholz, after Flechsig.) 
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Qt KYetic area). They descend through the middle part of the corona 
radiata, th NS and anterior two-thirds of the occipital portion of the internal 
'apsule, i N e basis of the peduncle, thence through the cerebral peduncle and 
pyram the medulla, and decussate to pass down the spinal cord to terminate 


* 


(parts of the 


abou cdiis of the ventral horn—the origin of the motor roots of the spinal nerves. 
2) e pyramidal fibres to. the nuclei of origin of the motor cranial nerves, 
Q :cessory lemniscus’ of Bechterew. These have the same origin and practically 
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the same course as the pyramidal fibres to the spinal cord, save that they decussate 
shortly before their termination about the cells of the motor nuclei in the opposite 
side of the medulla. They have a definite position in the occipital portion of the 
internal capsule, viz., they course in its anterior portion, while the descending fibres 
for the arm muscles course in its middle and those for the leg in its posterior portion. 

(3) The frontal pontile path (Arnold's bundle) arises in the cortex of the 
posterior portion of the frontal lobe, in front of the precentral gyrus, descends through 
the frontal part of the corona radiata and frontal portion of the internal capsule into 
the medial portion of the cerebral peduncle, and terminates in the nuclei of the pons. 

(4) The temporal pontile path (Türk's bundle) arises in the cortex of the 
superior and middle temporal gyri, passes under the lenticular nucleus into the pos- 
terior part of the internal capsule, enters the cerebral peduncle lateral to its pyra- 
midal portion, and terminates in the nuclei of the pons. 

(5) The occipito-mesencephalic path (Flechsig's secondary optie radiation) 
arises in the cortex of the visual area of the occipital lobe (cuneus and about the 
calearine fissure), passes forwards through the occipito-thalamie radiation, down- 
wards in the posterior part of the occipital portion of the internal capsule, and ter- 
minates in the nucleus of the superior quadrigeminate body. It is probable that 
some of its fibres terminate directly in the nuclei of the eye-moving nerves. 

(6) Those fibres of the fornix which arise in the hippocampus and terminate in 
the corpus mammillare or pass through it to the anterior nucleus of the thalamus of | 
the same and opposite side (thalamo-mammillary fasciculus) or pass into the cerebral 
peduncle to the substantia nigra and probably to structures lower down (pedunculo- d 
mammillary fasciculus). 

The commissural system of fibres.—The commissural fibres of the telencephalon 
serve to connect or associate the functional activities of one hemisphere with those 
of the other. They consist of three groups:— 

(1) The corpus callosum, the great commissure of the brain. A general de- 
scription of this with the medial and lateral striz running over it has already been 
given. It is a thick band of white substance, about 10 cm. wide, which crosses 
between the two hemispheres at the bottom of the longitudinal fissure. Its shape is 
such that in its medial transverse section its parts are given the names spleniwm, 
body, genu, and rostrum (figs. 615 and 726). Its under surface is m@dially joined to the 
fornix, in part by the septum pellucidum and in part dire C uaterally it is the 
tapetum of the roof of the lateral ventricle of either side. KO n£jority of its fibres 
arise from the cortical cells of the two hemispheres, and t ate in the cortex of the | 
side opposite that of their origin. In dissections, its Abs are seen to radiate to- | 
wards all parts of the cortex—the radiation of the c stallosum. Of these radia- 
tions, two strong bands curve backwards from th Q rium into the occipital lobes, 
producing the figure known as the forceps . Anteriorly, two similar but 
lesser bands curve from the genu forwards į NS] frontal lobe, producing the for- 4 
ceps minor. 

(2) The anterior commissure has bf 
encephalon. In addition to the olfactqtyy 
olfactory bulb of one hemisphere ayd The uncus of the opposite hemisphere, its 
greater part consists of fibres ee in the cortex of the temporal lobe of one 


en described in connection with the rhin- 
res coursing through it to and from the 


| side and terminate in that of tp posite side. It crosses in the substance of the 
NS rerftricle, and through the ventral portions of the 
n only in dissections (figs. 631 and 639). It isa rela- 
and its mid-portion between its terminal radiations 
presents a somewhat(twigted appearance. | 
(3) The hippoca commissure belongs wholly to the limbic lobe (rhinen- 
cephalon), and ki en described there. It connects the hippocampal gyri of the 
two sides, and NZ the mid-line under and usually adhering to the under surface 
of the spleni d to the beginning of the posterior pillars of the fornix (fig. 631). 
The g3gdciition system of the hemisphere.— The possibilities for association 
bundl NWN tine the different parts of the same hemisphere with each other are 
innumer® te, and quite a number are recognised. They serve for the distribution or 


anterior boundary of the 
lenticular nuclei, and can | 
tively small, round | 


e- ——————— - 


diffagion of impulses brought in from the exterior by the ascending projection system, 
Ny S by means of them that the different areas of the cortex may function in 
haNhony and coordination. Most of the association bundles are supposed to contain 
Que: coursing in both directions. Several of them have already been described in 
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company with the grey masses with which they are concerned. They may be 
summarised as follows:— 

(1) Those of short course, the fibre propria, which associate contiguous gyri 
with each other. These loop around the bottoms of the sulci, continually receiving 
and losing fibres in the cortex they connect. The stripes of Baillarger within the 
cortical layer might be included among the short association bundles. 

(2) The cingulum (girdle) lies in the gyrus cinguli and is shaped correspond- 
| ingly. It extends from the anterior perforated substance and the subeallosal gyrus 
l around the genu of the corpus callosum, then, under cover of the gyrus cinguli and 
| around the splenium, and thence downwards and forwards in the hippocampal 
! gyrus to the uncus. It is chiefly an aggregation of fibres of short course—fibres 
i which associate neighbouring portions of the cortical substance beneath which they 
| course, and which, by continually overlapping each other, form the bundle. 

] (3) The uncinate fasciculus is a hook-shaped bundle which connects the uncus 
| and anterior portion of the temporal lobe with the basal portion of the frontal lobe, 


Fig. 645.—ScHEMATIC REPRESENTATION OF CERTAIN OF THE ASSOCIATION PATHWAYS OF THE 
| CEREBRAL HEMISPHERE. 
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i.e., the frontal pole with the orbi Qy: Its shape is due to its having to curve 
backwards around the stem of red cerebral fissure. 

(4) The superior longitud asciculus is the longest of the association paths, 
and connects the frontale c(ipjtal, and temporal lobes. From the frontal lobe it 
| passes laterally, transver he radiations of the corpus callosum and the lower 
part of the corona radigta*wflong the inner aspect of the opercula, and above the in- 
sula to the region of t posterior end of the lateral fissure, and thence it curves down- 
wards and forwar she cortex of the temporal lobe. Some of its fibres extend to 
the cortex of the oral pole. The occipital portion consists of a loose bundle given 
off from th (X n of the downward curve, which radiates thence to the occipital 
cortex. NS 


(5) The Mferior longitudinal fasciculus connects the temporal and occipital 
xtends along the whole length of these lobes parallel with their tentorial 
-osteriorly it courses lateral to the lower part of the occipito-thalamic 
rgliatión, from which it differs by the fact that its fibres are less compactly arranged. 
) The medial and lateral longitudinal striz of the upper surface of the corpus 
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callosum may be considered among the association pathways, since they extend be- 
tween the grey substance of the hippocampus (dentate gyrus) and the subcallosal 
gyrus of the same hemisphere. 

(7) Likewise the longitudinal fibres in the stria terminalis of the thalamus 
(tzenia semicircularis) may be considered among the association pathways, since these 
connect the amygdaloid nucleus with the anterior perforated substance. 

(8) The numerous fibres passing in both directions between the cerebral cortex 
and the nuclei of the corpus striatum belong to the association system. These do not 
form a definite bundle, but, instead, contribute appreciably to the corona radiata. 
However, a pathway described as the occipito-jrontal fasciculus probably consists 
largely of the more sagittally running fibres of this nature. The existence of this 
fascieulus has been noted in degenerations and in cases of arrested development of the 
eorpus eallosum. Its fibres are described as contributing greatly to the tapetum, and 
as coursing immediately next to the ependyma of the lateral ventricle. As a mass, 
they appear in intimate connection with the caudate nucleus, and are spread towards 
both the frontal and the occipital lobes (chiefly the latter), in the mesial part of the 
corona radiata of those lobes. 

(9) Since the olfactory bulb is a part of the hemisphere proper, the olfactory 
tract may be considered an association pathway connecting the olfactory bulb with 
the parolfactory area, the subcallosal gyrus, the anterior perforated substance, and 
the uneus. As already shown, a portion of the fibres of the tract belongs to the 
commissural system. . 


THE FUNCTIONAL AREAS OF THE CEREBRAL CORTEX 


The known areas of specific function of the human cerebral cortex are relatively small (fig. 
644). They comprise but little more than a third of the area of the entire hemisphere. They 
are—(1) the area of general sensibility or the somesthetic area, and (2) the areas for the organs 
of special sense. ‘They represent portions of the cortex in which terminate sensory or ascending 
projection fibres bearing impulses from the given peripheral structures, and in which arise motor 
or descending projection fibres bearing impulses in response. 

Knowledge of the location of the areas has been obtained—(1) by the Flechsig method of 
investigation, and to a considerable extent by Flechsig himself; (2) from clinico-pathological 
observations, largely studies of the phenomena resulting from brain tumors and traumatic 
lesions; (3) by experimental excitation of the cortex of monkeys and apes, the resulting phe- 
nomena being correlated with the anatomical findings and compared with tlfe observations upon 
the human brain. The remaining larger and less known areas of the c mir referred to as 
‘association centres’ or areas of the ‘higher psychic activities.’ 

In development, the sensory fibres to the specific areas acquiy@t¥eir medullary sheaths 
first, before birth, and then the respective motor fibres from ea Chom medullated. It is 
not till a month after birth that the association centres show m tion and therefore acquire 
active functional connection with the specific areas. 

In defining an area it is not claimed that all the fibres bez io type of impulse terminate 
-in that area, nor that all the motor fibres leading to tha, Nh reaction originate in the area. 
It can only be said that of the fibres concerned in a giyg up of reactions, more terminate and 


arise in the given area than in any other area of t Bs Nex. The corresponding motor fibres - 
oryfibres ( 


(motor area) either partially surrounding or bor§é¢ring upon a part of the region of termination. 
The different areas are as follows: — 
(1) The somesthetjc (sensory-motor) Eq area of general sensibility, and the area in 
which arise the larger part of the cerebrajegnotor or pyramidal fibres for the cortical control 
of the general muscular system. As is t (RIP it is the largest of the specific areas. It 


arise both in the region of the termination of the ^h sensory area) and also in a zone 


includes the anterior central gyrus, pos r central gyrus, the posterior ends of the superior, 
middle, and inferior frontal gyri, the "eX ral lobules, and the upper portion of the adjacent 
part of the gyrus cinguli. The as or sensory fibres are said to terminate most abundantly 


in the part posterior to the centya\Nikus (Rolandi), the posterior central gyrus being the special 
area of cutaneous sensibilit (oy adjacent anterior ends of the horizontal parietal gyri have 
been designated as the an oi uscular sense.’ Both these areas are carried over upon the 
medial surface to involve th yer part of the paracentral lobule and a part of the gyrus cinguli. 
The anterior central gypes gives origin to relatively more motor fibres than the other portions of 
the somesthetic area. listribution, the muscles furthest away from the cortex are innervated 
from the most sup rt of the area, the leg area being in the supero-mesial border of the 
hemisphere, whil rom the head is in the anterior and inferior part of the area (fig. 644). The 
muscles of mat{Mathn and the laryngeal muscles are controlled from the fronto-parietal oper- 
eulum. Br NN nvolution of the left side constitutes the especial area of speech, and Mills 
has EN * area to include the supero-anterior portion of the insula below. 
(2) e Wisual area.— The especial sensory portion of this area is that immediately border- 
ither side of the posterior part of the calcarine fissure. The entire area, motor and 
sens vgrlapping each other, includes the whole of the cuneus. The motor visual area proper 


ia deswabed as the more peripheral portion of the entire area. In addition, there is a small area 
ucing eye movements situated in the posterior end of the middle frontal gyrus—an anterior 
sion of the somesthetic area. 
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(3) The auditory (cochlear) area comprises the middle third of the superior temporal 
gyrus and the transverse temporal gyri of the temporal operculum. ‘The motor portion of this 
area lies in its inferior border. The fibres arising in the area course outwards in the temporal 
pontile path to the motor nuclei of the medulla. 

(4) The olfactory area consists of the olfactory trigone, the parolfactory area, the sub- 
callosal gyrus, part of the anterior perforated substance, the hippocampus (especially the uncus), 
and the callosal half of the gyrus cinguli. Its motor or efferent area lies chiefly in the hippo- 
campal gyrus, the fibres from which pass out from the telencephalon by way of the fornix. 

(5) The gustatory area comprises the anterior portion of the fusiform gyrus and the zone 
(motor portion) about the anterior extremity of the inferior temporal suleus. 

(6) The association centres.—The relatively large areas allotted at present to the so-called 
higher psychic activities are indicated in fig. 644. The great relative extent of these is one of 
the characteristics of the human brain. They probably merely represent the portions of the 
cortex of which little is known, and may eventually be subdivided into more specific areas. ‘They 
are considered to be connected with the structures below by fewer projection fibres than are the 
recognised sense areas named above, while, on the other hand, they are rich in association fibres. 
By means of the latter they are in intimate connection with the specific areas and have abundant 
means of exercising a controlling influence upon the functions of these areas. According to 
Flechsig, they consist of—(1) a parietal association centre, comprising that part of the parietal 
cortex between the somæsthetic area and the visual area; (2) an occipito-temporal association 
centre, including the unspecified portions of the temporal lobe and the adjoining portion of the 
occipital lobe not included in the visual area: (3) a frontal association centre, including all the 
frontal lobe anterior to the someesthetic and olfactory areas. In the folds of the inferior parietal 
lobule of the parietal association centre such intellectual activities as the optic discrimination 
of words, letters, numbers, and objects generally are supposed to take place, while the superior 
parietal lobule is the general region for the perception of form and solidity of objects—the stere- 
ognostic centre. "To a portion of the middle temporal gyrus has been attributed the faculty of the 
auditory discrimination of words and sounds and the association of objects with their names. 


GENERAL SUMMARY OF SOME OF THE PRINCIPAL CONDUCTION 
PATHS OF THE NERVOUS SYSTEM 


In the following summary the arabic numerals indicate paragraphs in which are mentioned 
the nuclei or ganglia containing the cell-bodies of the neurones interposed in the chains; the 
small letters indicate the different names given to the different levels of the pathways through 
which their fibres run. For detailed descriptions of either nuclei or pathways see pages describing 
them. Only the more common connections are mentioned here. 


I. THE CEREBRO-SPINAL PATH 


A. The ascending system of neurones. 
1. Spinal ganglion—neurone of first order. < 
(a) Terminal corpuscles and peripheral process of T-f b 
(b) Dorsal or afferent root of spinal nerve. 
(c) Ascending branch of bifurcation of dorsal ro w^ in fasciculus gracilis, 
or fasciculus cuneatus of spinal cord. 
2. Nucleus of fasciculus gracilis or nucleus of fascicul eatus in medulla oblongata— 
neurone of second order. Q à 
(a) Internal arcuate fibres. 


(b) Decussation of lemniscus. Q 
(c) Interolivary stratum of lemniscus ite side. 
(d) Medial lemniscus. 

3. Hypothalamic nucleus and lateral meus of thalamus—neurone of third order. 
(a) Internal capsule, anterior p? its occipital portion. 
(b) Corona radiata, fronto-pariet Mart. 
(c) Someesthetic area of cer l] cortex. 

B. Descending system of neurones (fig, Sy 

1. Giant pyramidal cells of g Kyu: area. 
(a) Corona radiata UE ipital part. 
(b) Internal capsu NN and anterior part of occipital portion. 
(c) Basis of the al peduncle and the peduncle. 
(d) Pyramid gf*u lla oblongata. 
(e!) pocas d pyramids. 
(f) Lateral ceNeWfo-spinal fasciculus (crossed pyramidal tract). 


(e) Vertr€Zeerebro-spinal fasciculus (direct or uncrossed pyramidal tract). 
(P) e lecussation of latter in cervical and upper thoracic regions of spinal 


tral horn of spinal cord of opposite side. 


Sd or efferent roots of spinal nerves. 
eripheral nerve-trunks directly to muscles or indirectly by way of sympathetic 
neurones. 


II. SHort ‘REFLEX’ PATHS or SPINAL Corp 
pinal ganglia. 


e (a) Terminal corpuscles and peripheral process of T-fibre. 
. 4e 
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(b) Dorsal root of spinal nerve. 


* 


* 


870. 


THE NERVOUS SYSTEM 


(c) Collaterals and descending branches of bifurcation of dorsal root fibres in spinal 
eord. 

(d) Directly to ventral horn cells of same level of spinal cord. 

(e) Or to same through intermediation of Golgi cell of type II. 

(f) Or to neurones of fasciculi proprii to ventral horn cells of other levels of spinal cord. 


Fic. 646.—ScHEME or ASCENDING CEREBRO-SPINAL CONDUCTION PATHWAYS. 
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ieral nerve trunks directly to muscles or indirectly through sympathetic. 


e ee horn cells of same and opposite side and thence by way of ventral roots and 
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IH. CEREBRAL PATH FOR THE CRANIAL NERVES EXCLUSIVE OF THOSE or SPECIAL SENSE 


A. Ascending system of neurones. 


1. Ganglia of origin of sensory components of vagus, glossopharyngeus, pars intermedia 
of facial, and trigeminus. 
(a) Peripheral arborisations and afferent peripheral branches of T-fibres of same. 
(b) Central branches of T-fibres of same. 
2. Nuclei of termination of central branches (bifurcated and unbifurcated) in medulla 
oblongata. 
' (a) Reticular formation and medial lemniscus of same and (chiefly) the opposite 
side. 
3. Hypothalamic nucleus and lateral nucleus of thalamus. 
(a) Internal capsule, anterior part of occipital portion. 
(b) Corona radiata, fronto-parietal part. 
(c) Somesthetic area of cortex cerebri. 


B. Descending system of neurones. 


1. Pyramidal cells of somesthetic area. 
(a) Corona radiata, fronto-parietal. 
(b) Internal capsule, genu chiefly. 
(c) Basis of cerebral peduncle and peduncle. 
(d) Accessory lemniscus of von Bechterew. 
2. Nuclei of origin of motor cranial nerves and motor components of mixed cranial 
nerves, and thence by way of these nerves to the respective muscles supplied. 


IV. THE SHort ' REFLEX’ PATHS OF THE CRANIAL NERVES 


These consist of the central branches of their afferent or sensory fibres, terminating in the nuclei 
of origin of both their own motor components and in the nuclei of origin of gther motor nerves. 
Fibres to the more distant nuclei pass to them by way of the medial longitudinal fasciculus. 
Instead of terminating in the motor nuclei directly, the sensory fibres are frequently interrupted 
by a third or intermediate neurone interposed in the chain. 
are connected by way of the solitary fasciculus and its nucleus with the structures below their 
level of entrance, probably even with the ventral horn cells of the upper segments of the cervical 


cord, and through these with the muscles of respiration. 


The vagus and glosso-pharyngeus 


V. CONDUCTION PATHS INVOLVING THE CEREBELLUM 


A. Ascending cerebellar pathways. 


1. Spinal ganglia. 
(a) Dorsal roots of spinal nerves. 
(b) Collaterals and descending branches of bifurcation of l root fibres in 
spinal cord. XN : 
2x. Dorsal nucleus (Clarke's column). Qy 
(a) Cerebello-spinal fasciculus (direct cerebellar tract). 
(b) Restiform body (inferior cerebellar peduncle)— 
(c) Joined in medulla by external arcuate fibres 
arising in nuclei of funiculus gracilis ar 
(d) Joined in medulla by fibres arising in nugleNgf*termination of afferent vagus, 
glosso-pharyngeal, vestibular, and a kmna] nerves; 
(e) Joined by fibres both to and from (ding and descending) the inferior 
olivary nucleus of the same angl oNpoglte sides (cerebello-olivary fibres). 
2y. Nerve-cells in base of ventral horn of $(ne and opposite side. 
(a) Antero-lateral cerebello-spinal jculus (Gowers’ tract), ascending through 
spinal cord and reticular fo ion of medulla and pons. 
(b) Anterior medullary "AO oraehium conjunctivum to cerebellar cortex 


(vermis) (fig. 606). 
3. Cerebellar cortex (vermis), Oy nucleus, nucleus fastigii, nucleus emboliformis, 


and nucleus globo 
(a) White substance Ni s medullare) of cerebellum, associating various regions 


of its cortex ; s nuclei with each other. 


cO*sed and uncrossed fibres 
satus); 


(b Brachium gap Ivum (superior cerebellar peduncle) arising chiefly from 
dentate foucletS and cortex vermis. 
(c) Decussatiot brachium conjunctivum. 


brachiunt inctivum terminate in the red nucleus; many merely give off 
collater, We it in passing to their termination in the thalamus. Most of the 
Os ansing in the red nucleus also terminate in the ventral part 
alamus. 
ernal eapsule, middle third, and fronto-parietal part of corona radiata. 
om:esthetie area of cerebral cortex and probably cortex of frontal lobe 


anterior to it. 


4. Red cuanto ventral portion of lateral nucleus of thalamus. Some fibres of the 


(c) Inferior peduncle of thalamus to cortex of temporal lobe. 


extending cerebro-cerebellar, paths. 
Pyramidal cells of somesthetic area send fibres through corona radiata, internal 


capsule, and cerebral peduncle to nuclei of pons and arcuate nucleus of same and 
opposite side. 
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2. Cells of cortex of posterior part of frontal lobe give fibres to form frontal pontile 
path through frontal parts of corona radiata and internal capsule and through 
medial part of cerebral peduncle to nuclei of pons. 


Fie. 647.—ScHEME or DESCENDING CEREBRO-SPINAL CONDUCTION PATHWAYS. 
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3. Cells of cortex of temporal lobe (two upper gyri) give fibres to form temporal pontile | 
Ò path which passes under the lenticular nucleus into lower part of occipital portion |y 
Q of internal capsule and outer part of cerebral peduncle to nuclei of pons. 
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4.-Cells of nuclei of pons send fibres by way of brachium pontis (middle cerebellar 
peduncle) to cortex of cerebellar hemisphere, probably of opposite side to that of 
the origin of the cerebral fibres connecting with the cells (fig. 606). 
C. Descending cerebello-spinal paths. 
1. From cells of nucleus fastigii and probably from other nuclei and from cortex of 
cerebellum, of same and opposite sides, into anterior marginal fasciculus of spinal 
cord (fig. 571), and thence to the cells of the anterior horn. 


Fig. 648.—ScHEME or PRINCIPAL ASCENDING CEREBELLAR CONDUCTION PATHS. 
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2 NS ly connected with the cerebellum is the pathway arising in the red nucleus 
O* the opposite side and from the lateral vestibular nucleus (Deiters' nucleus) of 

the same side and: descending in the intermediate bundle of the lateral funiculus 

of the spinal cord (fig. 571). The part from the red nucleus (rubro-spinal tract) 
decussates in the ventral portion of the tegmentum of the mesencephalon and 

passes through the medulla oblongata in the medial longitudinal fasciculus, 


y e - 
while that from Deiters’ nucleus traverses the medulla in the reticular formation. 


MEDIAL LONGITUDINAL FASCICULUS — - 
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VI. THE AUDITORY CONDUCTION PATHS 
A. Vestibular division (vestibular nerve). 

1. Vestibular ganglion gives origin to the peripheral utricular and three ampullar 
branches and to the combined and centrally directed vestibular nerve. 

2. Lateral vestibular nucleus (Deiters’), medial nucleus, superior nucleus, and nucleus 
of descending vestibular root (nuclei of termination) give origin to fibres as 
follows:— 

(a) From lateral and superior nuclei to nucleus fastigii of opposite side and to 
eortex of vermis and to dentate nucleus (cerebellar connection). 
(b) From medial and superior nuclei to nuclei of origin of eye-muscle nerves of 
. same and opposite sides, by way of medial longitudinal fasciculi. 
(c) From lateral nucleus and nucleus of descending root through reticular 
formation into lateral funiculus of spinal cord. 
(d) It is probable that all the nuclei of termination give off fibres bearing ascending 
impulses which ultimately reach the somesthetic area, but the course 
pursued and neurones involved in such a chain are uncertain. 


Fic. 649.—DiAGRAM SHOWING SOME OF THE CONNECTIONS OF THE ACOUSTIC NERVE. 
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B. Cochlear division (cochle NS. ; 
1. Spiral ganglion,of chy ochlea gives origin to short peripheral fibres to organ of 


Corti, and t itrally directed cochlear nerve. 
2. Dorsal and ver¥alPnuclei of the cochlear nerve (nuclei of termination). 
(a) Strize 2. ‘ares arise from dorsal nucleus and pass around outer side of resti- 


f ody (acoustie tubercle), then medianwards underependyma of floor 
“firth ventricle to mid-line, then ventralwards into tegmentum, where 

ecussates and joins trapezoid body to lateral lemniscus of opposite side. 
PWores arising in ventral nucleus pass ventrally medianwards and some 
NY terminate in the superior olivary nucleus of same side; others pass by way of 
N trapezoid body and lateral lemniscus to terminate in superior olivary 
nucleus, nucleus of lateral lemniscus, medial geniculate body and nucleus of 

inferior quadrigeminate body of the opposite side. 

Nuclei of superior olives of both sides and nucleus of lateral lemniscus send fibres 


brachium to medial geniculate body, and some may pass uninterrupted, even to 
the cortex of the temporal lobe. 


; XO by way of lateral lemniscus to inferior quadrigeminate body and through inferior 


| 
| 
f 
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4. Fibres from medial geniculate body and nucleus of inferior quadrigeminate body 
pass into internal capsule and through temporal part of corona radiata to middle 
third of superior temporal gyrus and adjacent portions (auditory area). 

5. From superior olivary nucleus arise fibres which terminate in nucleus of abducens 
or pass by way of the medial longitudinal fasciculus to other motor nuclei of 
cranial nerves (peduncle of superior olive). It is probable that fibres from the 
auditory area of the cerebral cortex are also distributed to nuclei of the cranial 
nerves. 


| 


VII. CONDUCTION PATHS OF THE OPTIC APPARATUS 


1. ‘Bipolar’ cells of retina with short (peripheral) processes to layer of rods and cones (neuro- 
epithelium) and short centrally directed processes to ganglion-cell layer of retina 
(nucleus of termination). 3 


Fra. 650.—DIAGRAM OF PRINCIPAL PATHWAYS or OPTIC Apparatus. (After Cunningham. 
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2. Ganglion-cells of retina give origin tg Gy 
(a) Optic stratum of retina. 
(b) Optic nerve. 


j (c) Optic chiasma; fibres Ne: side of retina cross in chiasma to opposite side; 
. Ó Ina 


fibres from lateral side continue on same side in— 


o2 


| (d) Optie tract to— Q 

| . Pulvinar of thalamus, fatepNægeniculate body, and nucleus of superior quadrigeminate 

bodies. 

(a) Fibres from nycleu® of superior quadrigeminate bodies pass ventrally to medial 

l longitudin® Gojcus: of same and opposite sides, and from it are distributed 

to nuclei gmOwfin of eye-muscle nerves. s 

(b) Fibres frc ateral genieulate body and pulvinar pass through occipital portion 

of iat N capsule and occipito-thalamie radiation (optic radiation) to cortex of 

o; NN lobe (visual area). 

4. Cells NS X| area of cortex send fibres through occipito-thalamic radiation and internal 

capes nucleus of superior quadrigeminate bodies (occipito-mesencephalic fasciculus), 

YA thence, probably interrupted by cells of this nucleus, to nuclei of eye-muscle nerves. 
‘ nucleus of superior quadrigeminate body and pulvinar send fibres by way of medial 

eudinal fasciculus into lateral and ventral funiculi of spinal cord (see fig. 571), 

Chiefly of the opposite side. Fibres from the quadrigeminate body cross mid-line in 


> decussation of ‘optic-acoustic reflex path’ (fig. 611). 


| 


. sphenoid section of the sphenoid bone; and in front of the sphenoi 
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VIII. CONDUCTION PATHS or OrrFACTORY APPARATUS 


1. Bipolar cells of olfactory region of nasal epithelium send short (peripheral) processes 
towards surface of nasal cavity and centrally directed processes, the olfactory nerve, 
through lamina cribrosa of ethmoid bone into olfactory bulb (glomerular layer). 

2. ‘Mitral cells’ of olfactory bulb give fibres which form— 

(a) The olfactory tract which divides into— 

(b) Medial olfactory stria through which fibres pass—(1) into parolfactory area (Broca’s 
area); (2) into subcallosal gyrus; and (3) by way of anterior cerebral commis- 
sure to olfactory bulb of opposite side. 

(c) Intermediate olfactory stria to anterior perforated substance. 

(d) Lateral olfaetory stria, which terminates to some extent in anterior perforated 
substance, but, chiefly in uncus, hippocampal gyrus, and gyrus cinguli (olfactory 
area). 

3. Cells of uncus and hippocampal gyrus give fibres which form— 

(a) The cingulum (in part), by which they are associated with the cortex of the gyrus 
cinguli, the subcallosal gyrus, and the anterior perforated substance. 

(b) The hippocampal commissure (in part), by which they are connected with the grey 
substance of the opposite side. 

(c) The fornix, which, interrupted in part in the nuclei of the corpus mammillare, 
conveys impulses—(1) to the anterior nucleus of thalamus of the same and opposite 
sides (thalamo-mammillary fasciculus), and (2) into the cerebral peduncle and 

. substantia nigra (pedunculo-mammillary fasciculus), and by way of this peduncle 
probably to the nuclei of the mesencephalon and medulla oblongata. 


Tar. RELATIONS OF THE BRAIN TO THE WALLS OF THE CRANIAL CAVITY 


The precise methods by which the exact positions of the most important fissures, sulci, 
gyri, and areas can be ascertained and mapped out on the surface of the head in the living subject 
are fully described in Section XIII. Here, only a very general survey of the relations of the 
brain to the cranial bones is given and from a purely anatomical standpoint. 

The parts of the brain which lie in closest relation with the walls of the cranial cavity are 
the olfactory bulb and tract, the basal and lateral surfaces of the cerebral hemispheres, the inferior 
surfaces of the lateral lobes of the cerebellum, the ventral surfaces of the medulla and pons, and 
the hypophysis. 

Certain of these portions of the brain lie in relation with the basi-cranial axis, that is, with 
the basi-occipital, the basi-sphenoid, and the ethmoid bones, while others are associated with the 
sides and vault of the cranial cavity. Considering the former portions first, the ventral surface 
of the medulla oblongata, which is formed by the pyramids, lies upon the upper surface 
of the basi-oecipital bone. More superiorly the ventral surface of the pons rests upon the basi- 
sphenoid, from which it is partly separated by the basilar artery and the sixth pair of cranial 
nerves. In front of the dorsum sell: the hypophysis (pituitary body) $ ged in the pituitary 
fossa. Still further forwards the olfactory tracts lie in grooves on NND surface of the pre- 

Welfactory bulbs rest upon 


the cribriform plates of the ethmoid. 

Behind and lateral to the posterior part of the foramen magr 
lum are in relation with the cranial wall, resting upon the 
the posterior parts of the ex-occipital portions of the occipi 
in relation with the inner surface of the mastoid process 
portion of the temporal bone. The area of the skull wfiIyhich is in close relationship with the 
cerebellar hemispheres may be indicated, on the ex rface of the skull, by a line which com- 
mences at the lower part of the external occipit: e uBerance and thence runs upwards and 
outwards. It crosses the superior curved line & litt? beyond its centre, and, continuing in the 


ne lateral lobes of the cerebel- 
arts of the supra-occipital and 
ne, while anteriorly each lobe is 
Me posterior surface of the petrous 


same direction, crosses the lower part of the | oid suture and reaches a point directly above 
the asterion (the meeting-point of thé occipit: nporal, and parietal bones); thence it descends, 


just in front of the occipito-mastoid sutyag, tO the tip of the mastoid process, and there turns 
inwards to its termination at the m: for the foramen magnum, immediately behind the 
posterior end of the occipital condyle. 

The basal surface of each cerebr, phere may be said to consist of two parts, an anterior 
and a posterior, separated by th NM je lateral fissure. The anterior part, formed by the orbi- 
tal surface of the frontal lobe NN upon the upper surfaces of the orbital plate of the frontal 
bone and the lesser wing ofthe noid. It is, therefore, in close relation with the upper wall of 
the orbital cavity. The fostgsér part, behind the stem of the lateral fissure, is formed by the 
anterior portion of the tenygrgA lobe, including its apex. "Theapex itself projects against the orbital 
plate of the great won sphenoid bone, and it is in relationship with the posterior part of the 


outer wall of the of The basal surface of the hemisphere, behind the apex of the temporal 
lobe, is in contact,miW the upper surfaces of the great wing of the sphenoid and the petrous part 
of the tempora 


Swrfaces of the cerebral hemispheres have the most extensive relationships with 
the cranis *and it is more especially to these surfaces that the practical surgeon turns his 
attentio é general area in which the convex surface of each cerebral hemisphere is in relation 
with t ~N bones is readily indicated by a series of lines which correspond with the positions 
erciliary, infero-lateral, and supero-mesial borders. 

ine marking the superciliary margin of the hemisphere commences at the nasion (the 


ae temporal ridge, then, turning backwards in the temporal fossa, it reaches the parieto-sphe- 


mi ift of the fronto-nasal suture); it passes outwards above the superciliary ridge, crosses 


idal suture, and eontinues backwards along it to its posterior extremity. 
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Tur BLOOD SUPPLY OF THE ENCEPHALON 


The double' origin of the continuous arterial system of the brain given by the corfluence of 
the two ventral arteries and by the two internal carotid arteries, together with the description 
of the general distribution of the different cerebral, mesencephalie, and cerebellar arteries into 
which the system is divided, and the origin and course of the corresponding veins, are fully dealt 
with in Section V. Here attention may be called briefly to the abundant and systematic internal 
distribution of the terminal branches of the system and their intimate arrangement for the actual 
nourishment of the nervous tissues within. 

'The general plan of the blood supply for the entire encephalon may be summarised as follows: 
—(1) At their origin the different arteries are so connected, directly or indirectly, that the blood 
approaching the brain by way of the vertebral and internal carotid arteries is practically a common 
supply for all the arteries of the encephalon, and a given part of it may possibly pass into any one 
ofthem. (2) In the pia mater of each division of the encephalon the different arteries again become 
connected with each other in a superficial, freely anastomosing plexus, continuous throughout. 
(3) From this plexus of the surface, naturally composed in part of the trunks of the different arteries 
themselves, arise branches which enter directly into the nervous substance and which break up into 
twigs that are terminal; i.e., twigs that do not anastomose with each other. (4) The arterial 
capillary system arising from the terminal twigs passes over into venous capillaries which 
converge to form corresponding venous twigs which in their turn pass to the surface and join 
in forming a peripheral, anastomosing venous plexus superimposed upon the similar arterial 


Fic. 653.—DrAGRAM SHOWING THE MANNER OF DISTRIBUTION OF THE CORTICAL AND CENTRAL 
BRANCHES OF THE CEREBRAL ARTERIES. 
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QCrriticrent veins of the encephalon which may or 
stance, and which finally empty into the sinuses 
onfluent, empty into the internal jugular veins. 
The chorioid plexuses of the ventric e brain are modifications of the general anastomosing 
peripheral plexuses. The chorioid mig es of the lateral and third ventricles are derived largely 
from branches of the arteria chgeeo ed which arises separately from the internal carotid artery. 
The blood supply of the €eregrum may best be taken as an illustration of the general plan 


plexus. (5) From this venous plexus aris 
may not accompany the arteries. for a sho 
in the cranial dura mater. These, dik 


of the blood-vascular systemaMthe encephalon. The terminal or internal branches of the 
surface plexus, derived fr the posterior, middle, and anterior cerebral arteries, are arranged 
into two groups, a cen r ganglionic and a cortical group. The central or ganglionic 
branches themselves f yur groups in each hemisphere :— 


group consists of terminal branches from the plexus of the domain 
artery, which pass through the medial part of the anterior perforated 
the head of the caudate nucleus, the septum pellucidum, the columns 


(1) The antero- 
of the anterior SN 


substance ands 


f the fornix; the lamina terminalis. 

(2) The anMro-lateral group consists of terminal branches from the domain of the middle 
cerebral exj|Xry. These pierce the anterior perforated substance in two sub-groups—(a) the 
interr 1d¥(b) the external striate arteries (fig. 653). The internal striate arteries pass 
thrgug e segments of the globus pallidus of the lenticular nucleus and through the internal 

e, to both of which they give branches, and they terminate in the caudate nucleus and 
lus. The external striate arteries are larger and more numerous. They pass upwards 
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between the external capsule and the putamen, and then through or around the upper part 
of the putamen into the internal capsule, where they form two groups, the lenticulo-thalamic 
and the lenticulo-caudate groups. The former terminate in the thalamus and the latter in the cau- 
date nucleus. On account of its larger size at its origin and its direct linear continuation with the 
internal carotid, emboli pass more frequently into the middle cerebral artery than into the 
anterior cerebral artery. One of the lenticulo-caudate arteries which is larger and longer than the 
others and which is a direct branch from the middle cerebral artery has been called the *artery 
of cerebral hemorrhage’ (Charcot), on account of the greater frequency with which it is ruptured. 

(3) The postero-medial central or ganglionic arteries are terminal branches of the posterior 
cerebral artery. They also enter the anterior perforated substance, but supply the floor of the 
third ventricle, the posterior part of the thalamus, and the hypothalamic region. 

(4) The postero-lateral group are also terminal branches of the posterior cerebral artery. 
They supply the posterior part of the internal capsule, the pulvinar of the thalamus, the geni- 
culate bodies, the corpora quadrigemina and their brachia, the epiphysis, and the cerebral 
peduncles. 

'The cortical group of the cerebral arteries arise from the anastomosing plexus in the pia 
mater of the cortical surfaces of the hemisphere. They pass into the cortical substance both 
from the summits of the gyri and from the walls of the sulci. They consist of short, medium, 
and long branches, and pass at right angles into the gyri. The short branches terminate in the 
cortical substance; the medium branches supply the more adjacent white substance, and the 
longer branches pass more deeply into the general medullary centre of the hemisphere. 

All of both the central or ganglionic and the cortical arteries are terminal in the sense that 
they do not anastomose in the substance of the cerebrum. 

The blood-vascular system of the other divisions of the encephalon is in accordance with 
the same general plan of that of the cerebrum. Slight individual modifications of the general 
plan are to be expected. 

'The blood-vessels of the mesencephalon, in addition to the supply derived from the postero- 
lateral group of central arteries, include the vessels of the quadrigeminate bodies and those of the 
cerebral peduncles. The arteries of the quadrigeminate bodies are usually six in number, 
three for each side—the superior, middle, and inferior quadrigeminate arteries. The superior 
and middle are branches of the posterior cerebral arteries, and the inferior are branches of the 
superior cerebellar arteries. The superior supply the superior quadrigeminate bodies and the 
epiphysis; the middle supply both the superior and inferior quadrigeminate bodies, and the 
inferior the inferior quadrigeminate bodies. They all anastomose on the surface of the stratum 
zonale, forming a fine-meshed plexus, and from this plexus the terminal branches pass into the 
substance of the bodies. The veins terminate in the vein of Galen (v. cerebri magna). 

í The arteries of the cerebral peduncles form two groups, mesial and lateral. The mesial 
: peduncular arteries are branches of the basilar and the posterior cerebral arteries. "They pass 
to the inner sides of the peduncles and supply the upper and inner part of the tegmentum. The 
| vessels of this group which accompany the fibres of the third nerves are known as the radicular 
| arteries; they supply the root-fibres and the nuclei, which receive no other branches. The lateral 
peduncular arteries are branches of the posterior cerebral and superiog cerebellar arteries. 
They supply the lateral portions of the peduncles and the outer part Ac The 


| 
5 
| 


veins of the mid-brain terminate in the basilar veins and the vein of G 


The Blood-vessels of the Cerebellum.—Six arteries suppl cerebellum; two, the 
posterior inferior cerebellar, are derived from the vertebral arpeuX and the remaining four, 
two anterior inferior and two superior cerebellar, from theff&gir artery. The course and 
; general distribution of the arteries are described in Section V, iére it must be noted that the 
branches of these six vessels form a rich network in the pia Os: the surfaces of the cerebellar € 
lobes, and that extensions of the plexus pass with the fg gi the pia mater into the sulci and l 
fissures, From the superficial plexus terminal brang KO ss into the interior of the cerebellum 
and théir collaterals form capillary plexuses in the M And grey substance. The extensions | 
of the surface plexus are of three lengths:—(1) agon et, which pass through the cortex of the | 
Kor | 
t 


b 
Ec 


cerebellum and supply the white substance of th 
which pass through the molecular layer of the C 
shortest set pass into the cortex and immediat reak up in the molecular layer. The meshes 
of the capillary plexuses in the grey wey are ovoidal and their axes run radially. The 
meshes of the plexuses in the white sub are parallel with the nerve-fibres. In addition to 
the vessels mentioned, a distinet br distributed to each dentate nucleus. This springs 
either from the superior MESA the anterior inferior cerebellar artery of the corre- 


| 

} 

sponding side. ™ | 
The efferent veins of the llum do not accompany the arteries; they spring from a 


on each surface, the vern eins and the lateral veins. The superior vermian vein runs 
forwards on the upper surf: f the vermis and terminates in the vein of Galen. The inferior 
vermian vein runs baGayards and ends in one of the transverse sinuses. The upper lateral 
-veins open into the, 3 lor petrosal or transverse sinuses, and the lower lateral veins into | 
the inferior petros: transverse sinuses. The vein from the dentate nucleus usually joins the 


plexus in the pia mater why ves tributaries from the interior, and they form three groups 
an 
duo 


lower lateral EN 
The B NY ssels of the Pons.—The arteries to the pons are branches of the basilar artery, 
and of its ANN r inferior and superior cerebellar branches. The reticulum in the pia mater l 
is comp MC ly unimportant, and the branches which enter the substance of the pons form 
two mgiX groups, the central and the peripheral. The central arteries spring directly from the d 
} 
l 


“hey pass backwards along the raphe, giving branches to the adjacent parts, and they 
n the nucleiin the floor of the fourth ventricle. The peripheral arteries are radicular 


oO 

err 

d intermediate. The radicular branches spring from the peripheral plexus and from the 
rior inferior cerebellar arteries; they accompany the roots of the fifth, sixth, seventh, and 
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eighth nerves, supply their fibres and the adjacent parts, and they end in the grey nuclei with 
which the nerve-fibres are connected. The intermediate arteries enter the surfaces of the pons 
1 irregularly and break up into capillaries in its substance. The veins form a plexus on the 
l surface. The upper and lateral part of this plexus is drained into the basilar vein on each side, 
and the Jower part is connected by efferent channels with the inferior petrosal sinus and the 
cerebellar veins. 

I The Blood-vessels of the Medulla Oblongata.—The arteries of the medulla are derived 
| directly from the vertebral arteries, from their anterior and posterior spinal and posterior inferior 
cerebellar branches, and from the basilar artery. The branches of these vessels form a plexus in 
the pia mater from which, and from the arteries themselves, three main groups of vessels pass 
into the medulla—the chorioidal, the central, and the peripheral. The chorioidal arteries are 
derived chiefly from the posterior inferior cerebellar arteries. Their relation to the medulla is 
described on p. 546. The anterior central arteries rise from the anterior spinal arteries, from 
the basilar artery, and from the peripheral plexus; they pass backwards along the raphe, 
supplying the adjacent parts of the ventral funiculi and the olivary bodies, and they break up 
into fine terminals in the grey substance of the floor of the fourth ventricle around the nuclei 
of the cranial nerves. The posterior central arteries spring from the posterior spinal arteries; 
they pass down the median septum of the lower part of the medulla and supply the adjacent 


Fic. 654.—SHOWING THE CAPILLARY SUPPLY OF THE CEREBELLAR CorTEX. (After Aby, 
“Journal of Comparative Neurology,” Vol. IX.) 
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nervous substance. The periphera ries, like those of the spinal cord, are separable into 
radicular and intermediate groups e radicular arteries pass from the anterior and posterior 
spinal branches and from th of the vertebral arteries and accompany the fibres of the 
last four cranial nerves into ubstance of the medulla. They supply the nerve-roots and 
adjacent white substance Go $y terminate in capillaries in the grey substance of the lateral 


part of the floor of theey icle. The intermediate peripheral arteries spring from the arteries 
previously named and the peripheral plexus, and they pass directly into the columns of 
the medulla, where th rminate in a capillary plexus which supplies the white substance and the 
grey nuglei; sorge Mese arteries, more especially those derived from the posterior inferior 
sterior spinal arteries, extend inwards to the lateral part of the floor of the 


cerebellar anc 
fourth ventri N 
The veinsWRich issue from the medulla form a peripheral plexus in the pia mater in which 
there are t Xo main longitudinal channels, an anterior median and a posterior median vein. 
The fer mmunieates below with the anterior median vein of the cord, and above with the 
veins M) Pons and with the veins which accompany the hypoglossal nerves. The latter veins 
Aky into the internal jugular veins. The posterior median vein is continuous below with the 
vonding vein of the cord, and above, in the region of the calamus scriptorius, it divides 
Branches which join the radicular veins. The blood is carried away from the peripheral 
56 
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plexus mainly by the radicular veins, which pass along the roots of the last four cranial nerves. 
Those which accompany the hypoglossal nerves have already been referred to. ‘The others end 
in the terminal parts of the transverse sinuses, the inferior petrosal sinuses, or the lower part of | 
the occipital sinuses. i 
The nerve supply of the blood-vessels of the brain consists of a perivascular plexus of sympa- i 
thetic nerve-fibres upon the walls of the vessels and medullated fibres which accompany the | 
vessels and apparently terminate, for the most part, in the connective tissue about them. The | 
former are thought to be vaso-motor in function; the latter probably sensory fibres of the | 
cerebro-spinal type. Nerves have been described only for the larger vessels. j 
t 

| 

f 

i 

| 
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THE MENINGES 


Three membranes, collectively called the meninges, envelope the entire central 
nervous system, separate it from the walls of the bony cavities in which it lies, and 
aid in its protection and support. They consist of feltworks in which white fibrous 
connective tissue predominates, and through them pass the blood-vessels which supply 
the central nerve-axis and the nerves by which the axis is connected with the periphery. 
Though there are definite spaces or cavities between them, the membranes are not 
wholly separated from each other, and they are both continuous with and contribute 
to the walls of the blood-vessels and the sheaths (epineurium) of the nerves passing 
through them. Beginning with the outermost, they are—(1) the dura mater, the 
thickest, most dense, and resistant of the membranes; (2) the arachnoid, the much 
less dense and more serous middle membrane; and (3) the pia mater, a thin, com- 
pact membrane, closely adapted to the surface of the central system, into which it 
sends numerous connective-tissue processes. It is highly vascular in that it contains 
the rich superficial plexuses of blood-vessels from which the intrinsie blood supply of 
the central system is derived. The space between the dura mater and the arachnoid 
is known as the sub-dural cavity, and that between the arachnoid and the pia mater 
is the sub-arachnoid cavity. 


n ——————————— Ó€— ———— 


THe Dura MATER 


ingly resistant membrane, forming the outermost envelope e entire central 
nervous system. Its external surface or that next to BN mv wall is rough, 
while its internal surface appears smooth, due to the fact_tQé the subdural cavity 
partakes of the nature and has the lining of a lymph-spaa@\ The cranial dura mater 
consists of two distinct, closely associated layers, the qadQxrhost of which serves as the 
internal periosteum of the cranial bones. The spir 'a mater is described as con- 
sisting of but one layer. The internal periostewfNoWthe spinal canal, though con- 

» 

e Is 


In the fresh condition the dura mater appears as = jou Wee exceed- 


tinuous at the foramen magnum with the out of the cranial dura mater, is not 

considered a part of the spinal dura mater, gro ict that it is so widely separated 

from the layer actually investing the fort Thus, since the cranial and spinal 

portions of the dura mater differ, they aR scribed separately. 
The spinal dura mater is a fibrgag tthe with funnel-shaped termination which 

encloses and forms the outermost o: of the spinal cord. It consists of but 


one layer, and this corresponds to ner layer of the cranial dura mater. It begins ; 
at the foramen magnum anc fu*fes in the spinal canal at about the level of the | 
third piece of the os sacrum is firmly attached to the periosteum of the surround- | 
ing bones only in certair ies :— l 

| 


(1) The upper end &f tife tube blends intimately with the periosteum of the mar- 
ein of the foramen mgent™, and thus in this locality it becomes continuous with the 
outer layer of thé,@hiial dura mater. Also in this locality it is attached firmly, 
| though less iting, to the periosteum of the posterior surfaces of the second and 
; third as ore. This locality may be considered the upper fixation-point of 

the spina NN iater. (2) It extends laterally and contributes to the connective tissue 
investm NN each pair of spinal nerves, and as such it passes into the intervertebral 
foramiga ad becomes loosely connected with the periosteum lining each. (3) Along 
al aspect the spinal dura mater is attached by numerous processes to the 
o? longitudinal ligament of the vertebral canal. These attachments are more 
less delicate, loose, and irregular, and are easily torn or cut in removing the speci- 
n. They are stronger and more numerous in the cervical and lumbar regions than 


-am 


| | 
| 
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in the thoracic. (4) In the space between the dura and the walls of the vertebral 
canal (epidural cavity) lies the rich internal vertebral venous plexus, and along the 
lateral aspect the dura is occasionally connected with the periosteum through the 
tissue of the walls of the vessels of this plexus, especially in case of the vessels which 


Fic. 655.—SHowine THE SPINAL Dura Marer Ex»osED in situ. (Dorsal aspect.) (After 
Toldt, “Atlas of Human Anatomy," Rebman, London and New York.) 
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penetrate the dura. Along its dorsal aspect the spinal dura mater is practically free 
from the wall of the vertebral canal. (5) At its lower and funnel-shaped extremity, 
opposite the second sacral vertebra, the tube suddenly contracts into a filament 
extending into the coccyx and breaking up into a number of processes which become 
continuous with the periosteum of the dorsal surface of the coccyx. This filament 
is the coccygeal ligament or filum of the dura mater, and its attachment may be 

| considered the lower fixation-point of the spinal dura mater. The extent of the tube is 
maintained chiefly by means of the two fixation-points, for all the other attachments 
are sufficiently loose to permit of the movements of the vertebral column. 


Fia. 656.—DorsaL ASPECT OF THE MEDULLA OBLONGATA AND SPINAL CORD WITH THE DURA 
MATER PARTIALLY REMOVED. (Hirschfeld and Leveillé.) 


A 


SUPERIOR PEDUNCLE 


MIDDLE OF THE CEREBELLUM 
PEDUNCLE MEDIAL LONGITUDI- 
INFERIOR NAL SULCUS 
PEDUNCLE GLOSSO-PHARYNGEUS . X^ 
"AGUS 
CLAVA NN as’ 
| €. I. —— Pr. Gee SPINAL ACCESSORY 
| IL— c 
— Ligamentum 
denticulatum 


POSTERIOR LONGI- xu—F i, 
TUDINAL SULCUS 


CONUS 
MED UL- 
LA RIS 


FILUM 
SAMI TERMIN- 
i— i NI ALE SUR- 
ROUNDED 
BY CAUDA 
EQUINA 


A VENTRAL ROOT 


A DORSAL ROOT 


— 


eU UL ANM 
O ATIA O SPINAL 
Qy I. — BA NSS GANGLION 


The AN e) of the spinal dura mater appears smooth, but upon closer ex- 
aminatiqr ge Nord to be connected with the arachnoid by a few delicate subdural 
trabecule ‘casional fine strands of connective tissue bridging the subdural space 

Along its lateral aspects the inner surface is at intervals quite firmly at- 
X the pia mater by the dentations of the ligamenta denticulata, which are 
roced through the arachnoid. Further, it is continuous at intervals with both 
pia mater and arachnoid by way of the connective-tissue sheaths of the nerve-roots 
Qj nich are prolonged from the pia and blend with the dura mater in the passage of the 


Rae iR pg a f ppm 


e e gg EN 


S 


THE CRANIAL DURA MATER 885 


nerve-roots through it. The dura is also pierced by the spinal rami of the vertebral 
arteries, and the connective tissue of the outer walls of these vessels blends with all 
three of the meninges. The filum terminale of the pia mater extends below the ter- 
mination of the spinal cord into the point of the funnel-shaped end of the dura mater, 
and there blends with it in line with the coccygeal ligament of the outer surface. 

The tube of the spinal dura mater varies in calibre with the variations in the diam- 
eter of the spinal cord. However, the termination of its cavity occurs about seven 
segments below the termination of the spinal cord. This extension contains the long 
intra-dural nerve-roots forming the cauda equina, and the calibre of this part, before 
its sudden contraction, is about as great as that found in any other region. As each 
pair of nerve-roots of the cauda equina passes outwards, they lie free for a variable 
distance in a tubular extension of the dura before the latter blends with and con- 
tributes to the thickness of their sheath. 

The subdural cavity, the space between the dura mater and the arachnoid, is 
the thinnest of the meningeal spaces. Along the ventral aspect especially, the spinal 
arachnoid is quite closely applied to the inner surface of the dura mater. It con- 
tains a small amount of cerebro-spinal fluid (lymph) which prevents friction between 


Fic. 657.—ViEW oF MEMBRANES OF SPINAL CORD FROM VENTRAL ASPECT. (Ellis.) 
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the opposing surfaces, and is continuous wwAth the fluid in the like space of the 
cranial meninges. The space commur(fytes with the venous sinuses of the cranium 
in the region of the Pacchionian b “and its fluid is likewise in contact’ with the 
blood-vessels passing through jt.QAMY probably continuous with the lymph-spaces 
of the nerve-roots passing thr , for colored fluids injected into it pass into the 
nerve-roots. The arachnoid ® ào hin and gauze-like that a ready interchange of 
fluids between this spac@anqd‘he subarachnoid space is possible by simple filtration. 
The cranial dura mate#—The dura mater investing the brain performs a double 
function— it serves "ad internal periosteum for the cranial bones and gives support 
and protection to ‘ain. In conformity with its double function it consists of 
two layers, easi ENA able in the child, but closely adhering to each other in the 
adult, excep, jivasional localities, where there exist small clefts lined with epithe- 
lium. Tl NN lood sinuses and venous lacuns are placed between the two layers 
and the senar ganglia of the trigemini also lie between them. The cranial dura 
begins wh the adhesion of the spinal dura mater to the periosteum of the foramen 
AN 3nd it forms a sac-like envelope about the entire encephalon. Consisting 

OAtWefayers, it is a much thicker membrane than that of the spinal cord. 
she outer surface of the cranial dura mater when torn away from the cranial 
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bones appears very uneven, and when placed in water presents a flocculent appearance. 
This is due to the many fine bundles of connective tissue and the blood-vessels 
which pass between the dura and the cranial bones and which are partially pulled out 
of their openings in the latter in the process of separation. The abundance of these 
connections, and, therefore, the degree of adhesion to the bones, varies in different 
localities. The separation is much less difficult from the inner table of the bones of | 
the vault of the cranium than from the bones of the base of the cavity. The adhe- | 
sions to the vault of the cranium are most firm along the lines of the sutures. This | 
is due to the fact that during the period before the sutures are closed the outer layer | 
of the dura mater is directly continuous with the external periosteum, and, in conse- | 


quence of this condition during development, the connective-tissue connection is more 


Fic. 658.—Tue Dura MATER ENCEPHALI OF THE BASE OF THE CRANIUM. 
(After Toldt, “ Atlas of Human Anatomy," Rebman, London and New York.) 
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abundant along these ER: some is even caught in the closure of the sutures. 
Along the vault there ar&gstasionally noticed small lymph-spaces between the bone 
and the dura matey. 1e stronger adherence to the base of the cranial cavity is due | 
to the numerous N na in the floor, through which all the larger cranial blood- | 
vessels and the O nerves pass, and the dura mater is continuous with the con- 


nective-tissye,i 


Also the £N NN 


stments of these as well as with the periosteum lining the foramina. j 
the cavity is more uneven than the vault, and the projections of | 
the bones Weve tend to increase the firmness of attachment. The weight of the 1 
| brain n the floor probably contributes to the result. * 
li oS ver surface of the inner layer of the cranial dura mater forms the outer boun- 
| ry w'the subdural cavity. Except for the occasional delicate subdural trabecule 
| e the passage of blood-vessels and nerve-roots, this surface appears smooth and 
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glistening, being lined by a layer of endothelium and containing a small amount of the 
cerebro-spinal lymph. 

The subdural cavity of the base of the brain is prolonged a short distance outwards 
along the roots of the various cranial nerves before it is obliterated by the blending 
of the dura mater with the sheathsof the nerves. This outward extension of the space 
is most marked about the optic and auditory nerves. In the optic especially, the 
dura mater remains separate from the nerve throughout its length, only fusing with 
its sheath upon the posterior surface of the bulbus oculi (fig. 658). 

One of the most striking differences between the cranial dura mater and that of 
the spinal cord is that the inner layer of the former undergoes striking septa-like 
duplications or folds, forming exceedingly strong partitions which project between 

the larger subdivisions of the enceph alon. These are four in number, two large and 

two small—the falx cerebri and the tentorium cerebelli; the falx cerebelli and the 
diaphragma selle. The larger enclose within their folds the great venous sinuses, 
into which most of the spent blood of the encephalon collects to pass outwards by 
way of the internal jugular veins. 


Fra. 659.—CoroNAL SECTION OF THE HEAD, PASSING THROUGH THE POSTERIOR HORNS OF 
THE LATERAL VENTRICLES. 
(From a mounted specimen in the Anatomical Department of Trinity College, Dublin.) 
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The falx cerebri is the mosts ES these partitions. It is a sickle-shaped fold 
which projects vertically NA rault into the longitudinal fissure between the 
cerebral hemispheres. It b attached to the crista galli in front, and arches 
backwards to terminate(by ,Ménding with the superior surface of the horizontally 
placed tentorium cerebellKWAts convex, upper border joins the outer layer of the dura 


along the medial je) of the vault, and encloses the superior sagittal sinus. Its 
concave border v 4nd contains in its posterior two-thirds the smaller inferior 


rp 


interlor and narrower end is often perforated and occasionally 
ear as a coarse, fibrous reticulum. ‘The posterior part of the con- 
es ae upper surface of the corpus callosum, but the anterior part, 
which does descend so low, is separated from the corpus callosum by a part of the 
subaraglMoid space. The base of the fold which slopes downwards and backwards 
shen a with the upper surface of the tentorium cerebelli, contains the straight 
su ining along the line of junction. 

SO. tentorium cerebelli is a large semilunar fold, concave forwards. It de- 
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g scends from its central part which is elevated, and consequently it forms a tent-shaped 

covering. Its upper surface isinrelation with the tentorial surfaces of the hemispheres, 
and its lower surface conforms accurately to the upper surface of the cerebellum. 
The outer or convex border of the fold is attached on each side to the posterior clinoid 
process, the superior border of the petrous portion of the temporal bone, the mastoid 
portion of the temporal bone, the posterior inferior angle of the parietal bone, and the 
horizontal ridge of the occipital bone. The transverse sinus lies in this border. 
| From the internal occipital protuberance to the mastoid portion of the temporal bone 
T and along the petrous part of the temporal bone it encloses the superior petrosal 
| sinus. 

The greater part of the inner or anterior border of the tentorium is free, and it 
forms the superior and lateral boundaries of an arched cavity, the tentorial notch 
or foramen ovale of Pacchioni, which encloses the mesencephalon, and through which 

ascend the cerebral peduncles and the posterior cerebral arteries. The anterior 
| extremities of the inner border cross the outer border, and they are attached to 


i Fic. 660.—THE CRANIUM WITH ENCEPHALON REMOVED TO SHOW THE FALX CEREBRI, THE 
t TENTORIUM CEREBELLI, AND THE PLACES WHERE THE CRANIAL NERVES PIERCE THE DURA 
E Mater. (Sappey.) 
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i e middle fossa of the skull at the outer side of the ; 
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posterior clinoid process, ang his angle the root of the third nerve pierces the 


inner layer of the dura nte 
The falx cerebelli i gall, sickle-shaped, triangular fold which projects down- 
wards and forwards, ^to the small groove (posterior cerebellar notch), between the 
hemispheres of thé Clun. Its base is attached to the tentorium; its superior 
border, along wl "uns the occipital sinus, is attached to the internal occipital 
crest. Its ant€rN border is free, and its apex, which lies immediately behind the 
foramen n NON) , usually bifurcates as it disappears anteriorly, grasping the foramen 
magnum NS behind. Bifurcation is always the case when the internal occipital 
crest spl&s below to enclose a vermiform fossa. 
japhragma sella is a small circular fold, deficient in the centre, which 
Horizontally from the margins of the hypophyseal fossa or sella turcica. Its 
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and its inner border forms the boundary of the foramen of the diaphragma selle and 
surrounds the infundibulum. Its upper surface is in relation with the base of the 
brain, and its lower surface is in relation with the hypophysis, which it binds down 
in the hypophyseal fossa. 

The spaces which lie between the layers of the cranial dura mater are Meckel’s 
caves, the spaces which lodge the endolymphatic sacs, and the blood sinuses and lacune. 

Meckel’s caves are two cleft-like spaces or niches which lie, one on each side, in 
the trigeminal impression on the apex of the petrous portion of the temporal bone. 
Each space lodges the semilunar (Gasserian) ganglion and the motor and sensory 
roots of the trigeminus of the corresponding side, and it communicates with the sub- 
dural space in the posterior fossa of the cranium by an oval opening, which lies above 
the superior border of the petrous portion of the temporal bone and below the supe- 
rior petrosal sinus. 


Fia. 661.—SHOWING THE UPPER SURFACE OF THE TENTORIUM CEREBELLI AND THE TENTORIAL 
NOTCH THROUGH WHICH THE MID-BRAIN AND POSTERIOR CEREBRAL ARTERIES ENTER THE 
MippLE Fossa OF THE CRANIUM. 
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The space which contains eCtitymphatic sac on each side lies behind the 
petrous portion of the tem] one and communicates with the aquzductus 
vestibuli. 

The venous sinuses a cunz.—The cranial blood sinuses have already been 
fully described in the gunt of the vascular system, and it is sufficient to note here 
that they are continu N n the one hand, with the meningeal veins, and, on the other, 
with the veins outgi(c) le cranial walls. The vessels which establish communication 
between the b4 N Muses and the extracranial veins are referred to collectively as 
emissary ves They possibly help to maintain the regularity of the cranial cir- 
culation, aney have therefore a certain amount of practical importance. 

The si&use$ which are connected with the extracranial veins by emissary veins 
are G rior sagittal, the transverse (lateral), and the cavernous. Three or four 
emgssaNyWeins pass from the superior sagittal sinus:—one passes through the foramen 
c Q 


and communicates with the veins of the roof of the nose, or, through the nasal 
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bones, with the angular veins. Two pass through the parietal foramina and establish 
communications with the occipital veins, and a fourth, which is very inconstant, pierces 
the occipital protuberance and joins the tributaries of the occipital veins. Connecting 
each lateral sinus with the extracranial veins there are, as a rule, two emissary veins:— 
one, the mastoid emissary vein, which passes through the mastoid foramen to the 
occipital or posterior auricular vein; and the other, the post-condyloid vein, which 
traverses the condyloid (posterior condyloid) foramen and joins the suboccipital 
plexus. The cavernous sinus is in communication anteriorly with the superior 
ophthalmie vein, and through the latter with the angular vein; it is connected 
with the pterygoid plexus by emissary veins which pass either through the fora- 
men ovale or the foramen Vesalii, and with the pharyngeal plexus by small 
venous channels which accompany the internal carotid artery through the carotid 
canal. 


Fia 662.—SHOWING BLOOD-VESSELS OF CRANIAL DurA MATER AND CRANIAL NERVES IN THE 
BASE OF THE SKULL. 


(On the left side the dura mater has been removed in the middle fossa.) 
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The Venous Lacune or Q are small clefts lined by endothelium which com- 
municate with the men reins and with blood sinuses. They also have com- 
munications with the Émigwwry veins and the diploic veins. They lie between the 
outer and inner layers he dura mater, the majority of them at the sides of the 
superior sagittal &iWfga, but others are found in the tentorium associated with the 
transverse sinuses Ny the straight sinus. 


Vessels.4-QhAOfood supply of the cranial dura mater is derived from the meningeal arteries, 


which ramjf§ s outer layer. The more important of these arteries have already been described 
in the a NN f the vascular system, and it is only necessary here to recall the fact that the 
greater NC f the dura mater above the tentorium cerebelli is supplied by branches of the 
middle $À»eningeal arteries. These are reinforced—(1) at the vertex by branches of the occipital 
arfegaes@hich enter through the parietal foramina; (2) in the middle fossa by the small meningeal 
NO a#id by meningeal branches of the internal carotid, lachrymal, and ascending pharyngeal 

ters; and (3) in the anterior fossa by meningeal branches of the anterior and posterior 

moidal arteries. 
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The dura mater in the posterior fossa of the skull, below the tentorium cerebelli, also receives 
branches from the middle meningeal arteries, but its blood supply is derived mainly—(1) from 
the meningeal branches of the vertebral arteries which enter the tossa through the foramen mag- 
num, (2) from meningeal branches of the occipital arteries which enter through the mastoid 
and condyloid foramina, and (3) from meningeal branches of the posterior auricular and as- 
cending pharyngeal arteries which enter through the jugular and hypoglossal (anterior condy- 
loid) foramina. 

The meningeal veins accompany the arteries as vene comites, usually one vein with each 
artery. The middle meningeal artery usually has two vens comites. The meningeal veins 
communicate with the venous sinuses and with the diploie veins, and, unlike ordinary veins, 
they do not increase much in calibre as they approach their terminations. 

The nerves of the dura mater are partly derived from the sympathetie filaments which 
accompany the arteries and partly from the cranial nerves. The nerves, other than sympathetic 
filaments, which supply the cranial dura mater are derived from the fifth and tenth cranial nerves, 
and possibly from the first cervical nerve. The branches from the trigeminus are derived from 
the first, second, and third divisions of that nerve on each side, and it has been stated that branches 
are given from the nasal branch of the first division to the dura mater in the anterior fossa. 

The meningeal branch of the first division of the trigeminus supplies the tentorium; that 
from the second division accompanies the branches of the middle meningeal artery. The 
meningeal branch of the third division (nervus spinosus) passes into the skull through the fora- 
men spinosum and is distributed to the dura mater over the great wing of the sphenoid and 
to the mastoid cells. The recurrent branch of the hypoglossal nerve passes to the dura mater 
of the posterior fossa of the cranium. It is probable that this recurrent or meningeal branch of 
the twelfth nerve really consists of fibres derived either from the superior cervical ganglion of 
the sympathetic or from the first and second cervical nerves. The meningeal branch of the 
tenth nerve (vagus) springs from the ganglion of the root of that nerve, and is distributed 
in the posterior cranial fossa. 


The cranial subdural cavity is not of uniform thickness throughout, being thinner 
along the basal aspect of the encephalon. 'The lymph contained in it is usually but 
little more than is sufficient to keep moist its bounding surfaces. It is continuous 
with the lymph capillaries of the nerves and those of all the tissues it bathes, and it is 
in communication with the similar cavity of the spinal canal. Its lymph is in free 
contaet with the blood-vessels passing through it and with those in the tissues it 
bathes, and it is replenished by filtration through their walls. Though extensive, 
the subdural space is thin at best, for the dura mater is quite closely applied to the 
second of the three meninges. 


THE ARACHNOID 

The arachnoid or ‘serous’ membrane is the middle of the th Y ineas of the 
central nervous system. As in the case of the other two, ar pt is made to 
give this membrane a name descriptive of its texture. It@S&auzy reticulum of 
almost web-like delicacy, which in reality pervades the spa occupies. Its outer 
ling the subdural cay- 
/^ the name of membrane. 
is identical with that lining 
sith it by way of the endothe- 


ity, alone shows a sufficiently organized structure to 
This surface is covered by a layer of endotheliun, ax 
the inner surface of the dura mater and is conti Q 
lial cells covering the blood-vessels, the TOR the ligamenta denticulata of the 
spinal cord, and the occasional delicate TOS æ passing between the dura mater 
and the arachnoid. Immediately under the othelium, the connective-tissue fibres 
of the arachnoid are woven into a very (Qn, more or less compact feltwork. This, 
however, quickly grades into a loosg\Spongy reticulum which pervades the thick 
subarachnoid cavity throughout, angst 3trands of which are directly continuous into 
the more compact tissue of the p r. ‘Thus an inner surface can hardly be claimed. 
This loose, sponge-like arach AN issue holds the cerebro-spinal fluid of the sub- 
arachnoid cavity, the mesffe he sponge constituting a reticular web of intercom- 
municating spaces lined bWegglothelioidal cells covering the strands of the web. The 
cranial subarachnoid, cgwjty is larger, and the strands of the web are relatively more 
abundant than in that 1e spinal canal. In addition, the cavity is traversed by the 
spinal and cranial n&r ps, by the blood-vessels passing to and from the pia, and, in the 
spinal canal dist@Cyvely, it is traversed by the ligamenta denticulata and the filum 
terminale. 4 iN wh these the arachnoid is further continuous with the pia mater. 
The cra NN hrachnoid is directly continuous into that of the spinal cord, and in 
the ST ies does not differ as much as does the dura mater. Within the 
D 


crani arachnoid does not closely follow the surface of the encephalon. Tt is 
folded W/bétween the cerebellum and cerebral hemispheres, following the contour of 
thé Nntorium cerebelli, but it does not dip into the fissures and sulci except the ante- 
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rior part of the longitudinal fissure and slightly into the lateral (Sylvian) fissure. 
Otherwise it fills in the inequalities of surface of the encephalon, its outer surface 
forming a sheet enveloping the whole and bridging over the sulci and the deeper 
grooves between thegross divisions. Upon the summits of the gyri it is more closely 
applied to the pia mater, and there its reticulum becomes so dense that the two 
membranes almost appearasone. The sulci, occupied by the looser reticulum, form a 
continuous system of channels filled more abundantly by the cerebro-spinal fluid. 

The arachnoid does not fold in between the cerebellum and medulla oblongata, and 
at the base of the brain it ensheathes the olfactory bulbs and tracts, and its outer sur- 
face forms a continuous sheet stretching from one temporal lobe to the other and bridg- 
ing over the interpeduncular fossa and the inequalities of surface in the region of the 
optic chiasma and the stems of the lateral fissures. Obviously, therefore, the sub- 
arachnoid cavity between its outer surface and the pia mater is of considerable depth 
in certain localities. These localities comprise the subarachnoid cisterne. These 
make the cavity at the base of the brain especially large, and make possible a 
‘water-bed’ which serves to protect the brain from injurious contact with the bones. 
The following cisterns are distinguished :— 

(1) The cisterna MR lies at the base of the cerebrum and is divided by the 


Fie. 663.—DrAGRAM SHOWING THE RELATIONS OF THE Pra MATER, THE ARACHNOID, AND THE 
SUBARACHNOID CAVITY TO THE BRAIN. 
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optic chiasma into two parts—(a) the gea chiasmatis and (b) the cisterna inter- 
peduncularis. 

(2) The cisterna pontis is situa 
and the transverse fissures of ej 
cisterna basalis and behind wit 


about the pons, especially in its basilar sulcus 
vorder, and is continuous in front with the 
barachnoid cavity of the medulla. 


(3) The cisterna Me s in the angle between the splenium of the corpus 
callosum, the superior surf the cerebellum, and the upper surface of the mesen- 


-— 


cephalon, and is conne ODrirally, around the cerebral peduncles, with the cisterna 
basalis. 

(4) The cisterna cerebello-medullaris (cisterna magna) is the cavity between 
the lower surface. e cerebellum and the upper surface of the medulla oblongata. 


It is continuous(b9jów with the spinal subarachnoid space. The fluid in this cavity 
is directly <aOtwruous with that in the fourth yne by way of the foramen of 


Magendi Mian aperture of the fourth ventricle). 
Pacc ian Bodies (Arachnoid Granulations).—In certain situations, more 
particNlarl¥ on the vertex of the brain, along the margins of the longitudinal fissure, 


rly in the frontal region, and to a much less extent upon the upper surface of 
riis of the cerebellum, the subarachnoid tissue proliferates and forms numer- 
Oy: small, ovoid or spherical nodules, the Pacchionian bodies. Each body or arach- 
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noid villus consists of a retiform network of subarachnoid substance and its meshes 
are filled with cerebro-spinal fluid. The Pacchionian bodies on the vertex of the 
brain project through the inner layer of the dura mater, either into the superior 
sagittal sinus or into the venous spaces or parasinoidal sinuses which lie at the 
sides of that sinus, and, as they become larger, they press against the outer layer 
of the dura mater and produce ovoid depressions on the inner surface of the cranium. 
They probably facilitate the passage of lymph from the subarac hnoid cavity into the 
blood sinuses, and thus may aid in relieving pressure within.» On the other hand, 
through them the cerebro-spinal fluid is replenished at need from the blood plasma. 
They are not present at birth, but they appear at the tenth year and inerease in 
number and size with advancing age. They are less marked in the female than in 
the male. 

The spinal arachnoid is in the form of a loose, reticular sac which is most capa- 
eious about the lumbar enlargement of the spinal cord and about the cauda equina. 
Like that of the encephalon, the portion next to the dura mater alone resembles 
a membrane, being a loosely organized feltwork, covered on the side of the subdural 
cavity by a layer of endothelium common to that cavity. Throughout its length 
the spinal subarachnoid cavity is relatively wide, and, as in the cranium, contains 
a fine, spongy, web-like reticulum, numerous threads of which are continuous with 
the pia mater. This spongy tissue is the inner modification of the arachnoid, and 


Fia. 664.—CoroNnaL SECTION THROUGH THE GREAT LONGITUDINAL FISSURE, SHOWING THE 
MeninGES. (Key and Retzius.) 
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its meshes are occupied by the cerebro-spin id. It is not so abundant as in the 
cranial subarachnoid cavity. In additigg t0*the delicate threads of this tissue the 
arachnoid is more firmly attached to ia mater by three incomplete partitions. 
The most continuous of these is We along the dorsal mid-line and is known as 
the septum posticum of Schw: NW rachnoid septum). This may be described 
as a linear accumulation of t NO tissue which pervades the subarachnoid 
space. It is most incomp the upper cervical region, where it becomes merely 
a line of threads connecti ith the pia. It is most complete as a septum in the 
lower cervical and in the Wracic region, but at best it maintains a spongy char- 
acter. The other tw Gy tions are formed by the denticulate ligaments, which 
extend laterally fr C er side of the spinal cord, connecting the pia and dure 


mater and inv NY Ore arachnoid in passing throug hit. Within the subarachnoid 
cavity NS NS ore or less complete septa, though outside the arachnoid they 


are attache NS e dura only at the intervals of their dentations. They belong to 
the pia n PX nd will be described with it. The arachnoid is further continuous 
with thesqk by way of the connective-tissue sheaths of the roots of the spinal nerves 
and hey! xd-vessels passing through the subarachnoid cavity. 


Qe: and Nerves.—The arachnoid has no special blood supply and probably no special 
6 other than those supplying the walls of the blood-vessels passing through it. 
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The cerebro-spinal fluid.—The subarachnoid cavity is the great lymph-space of the central 
nervous system.  Thatof the spinal region is directly continuous into that of the cranium, and 
the fluid contained communicates freely with that in the ventricles of the brain and the central 
canal of the medulla and spinal cord by way of the foramen of Magendie or aperture into the 
fourth ventricle. In addition, there is possible an interchange of fluid between the lateral 
ventricle and the subarachnoid cavity of the base of the brain by diffusion through the thin 
floor of the chorioid fissure. ‘The arachnoid throughout is not a membrane sufficiently compact 
to seriously oppose diffusion between the fluid contained in its cavity and that contained in 
the subdural cavity, and the endothelium covering it probably even facilitates such activities. 
The cerebro-spinal fluid occupying the cavities is a transparent fluid of a slight yellow tinge, 
characteristic of the lymph in other lymph-spaces of the body. It is not very great in amount, 
probably never exceeding 200 c.c. in normal conditions. It is greatest in amount in old age, 
when the cavities are larger, due to atrophy and shrinkage of the nervous tissues. It collects 
from the lymph spaces in the meninges, and from exudation through the walls of the vascular 
plexuses and sinuses of the system it bathes. Its amount may be temporarily increased by a 
period of increased blood-pressure in the cranial vessels. Pressure due to its abundance may 


Fic. 665.—DIAGRAM OF TRANSVERSE SECTION OF UPPER THoracic REGION SHOWING THE 
RELATIONS OF THE SPINAL MENINGES AND THEIR CAVITIES. 
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be relieved by diffusion through the Qs containing it, and especially through the villi 
of the Pacchionian bodies into the y sinuses and lacunæ and thence into the venous system 
through the internal jugular veing Q 


THe Pra MATER 


The pia mater, th 'd of the meninges, is a thin membrane which envelopes 
and closely adhepegeto the entire central nervous system and sends numerous pro- 


cesses into its s N ice. It likewise contributes the most proximal and compact 
portion of the sKe3khs worn by the nerve-roots in their passage through the meningeal 
spaces. Ii’ Wry vascular in that the superficial plexuses of blood-vessels of both 
the braj NN spinal cord ramify in it as they give off the central branches into 
the MENS substance. The structure and arrangement of the membrane vary 
somewhat in the cranial and spinal regions. 

spinal pia mater consists of two layers, an inner and an outer. It is thicker 
ore compact than that of the encephalon, due to the extra development of its 


an 
pier layer, which is in the form of a strong, fibrous layer with the fibres arranged 
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for the most part longitudinally. The spinal pia mater also appears less vascular than 
the cranial from the fact that the blood-vessels composing the plexus lying in it are 
obviously much smaller than those of the encephalon. Its inner layer is a thin 
feltwork of fibres which is closely adherent to the surface of the spinal cord through- 
out, sending numerous connective-tissue processes into it which contribute to the 
support of the nervous tissues. The larger of these processes carry with them the 
numerous intrinsic blood-vessels from the superficial plexus. The two layers are 
elosely connected with each other, and are distinguished by the difference in the 
arrangement of their fibres. 

The membrane dips into the anterior median fissure and bridges it over by 
forming an extra thickening along it. This thickening appears as a band along the 
mid-line of the ventral surface of the cord, the linea splendens (fig. 657). It carries 
the anterior spinal artery, the largest of the arterial trunks of the superficial plexus 
(fig. 665). 

The pia mater contributes the innermost and most compact portion of the epineu- 
rium of each of the nerve-roots, and thus, upon the roots, it 1s prolonged laterally into 
the intervertebral foramina, where the dura mater blends with it in producing the 
increased thickness of the epineurium. 


Fic. 666.—DIAGRAM SHOWING RELATIONS OF MENINGES TO SPINAL NERVE-ROOTS. 
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From each side of the cord the pia materQyes off a leaf-like fold, the ligamentum 
denticulatum, which spreads laterally peara the dura mater midway between the 
lines of attachment of the dorsal and Mal nerve-roots. ` The outer border of this 
fold is dentate or scalloped into twg 1e pointed processes, which extend through 
the arachnoid and are attachec NG ffner surface of the dura mater. The denta- 
tions are usually inserted EN 1e levels of exit of the roots of the spinal nerves, 
the uppermost one a littl the first cervical nerve and the region where the 
vertebral artery perforatd te dura mater; the lowermost one between the last 
thoracic and first lumbgz nefVes, or, between the last two thoracic nerves. The liga- 
menta denticulata, a lightly by the septum posticum, serve to hold the spinal 
cord more or less su¢pgled in the subarachnoid cavity. 

Below, at the én, conical termination of the spinal cord in the lumbar portion 
of the spin: QM, the pia mater is spun out into a thin, tubular filament, the 
filum termi | which continues downwards into the sac formed by the dura mater 
about theqcauMa equina, and at the end fuses with the dura mater in line with the 
filum,o£ dh spinal dura mater (coccygeal ligament) of the outside (figs. 566 and 655). 
ial pia mater is closely applied to the external surface of the brain, 


dipe into all the fissures, furrows, and sulci. It is connected with the arachnoid 
merous filaments of the spongy subarachnoid tissue and by the blood-vessels 
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traversing the subarachnoid cavity. It is also pierced, by the cranial nerves, and 
furnishes them their sheaths, which, become continuous with the arachnoid and 
dura mater. Its outer surjace, bounding the subarachnoid cavity, is covered by a 
layer of endothelium. The fibrous portion below is with difficulty separable into two 
layers of mixed white fibrous and elastic connective tissue, with slightly pigmented 


. connective-tissue cells enmeshed between them. Its inner surface sends a large num- 


ber of fibrous processes into the nervous substance, which blend with the neuroglia 
and aid in the support of the nervous elements. The larger of these processes ac- 
company the central arterial and venous branches of the rich superficial plexuses of 
blood-vessels contained in the pia on the surface of the brain. Pieces of the pia when 
pulled off and placed in water present a flocculent appearance as to their inner sur- 
faces, due to these processes having been pulled out. 

The cranial pia mater sends strong, vascular duplications into two of the great 
fissures of the encephalon; viz., the transverse cerebellar fissure, between the cere- 
bellum and the medulla oblongata, and the transverse cerebral fissure, between the 
cerebellum, mesencephalon, and thalamencephalon, and the overhanging cerebral 
hemispheres. These duplications are spread over the cavities of the fourth. and third 
ventricles, and are known as the tele chorioidew of these ventricles respectively. 


Fic. 667.—DIAGRAM SHOWING TELA CHORIOIDEA OF FOURTH VENTRICLE AFTER REMOVAL OF 
CEREBELLUM. 
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The tela Chorioidea of the fou TQ RU lies in the transverse cerebellar 
fissure, between the under surface Affe cerebellum (vermis chiefly) and the dorsal 
surface of the medulla (fourth v CN e). The two layers of this fold of the pia re- 
main separate and a NEN fsterna posterior of the subarachnoid cavity lies 
between them. It isa tria Nd fold, with its base above at the nodule of the ver- 
mis and its apex below gt vel of the tuber vermis. The upper layer adheres to 
the vermis; the lower Sthens the epithelial roof of the fourth ventricle and is 
continuous with the p&mater of the medulla oblongata and spinal cord. This 
lower layer is the AA of the fourth ventricle proper. In roofing over the calamus 
scriptorius it co of the ligula and the obex. A little above the calamus scrip- 
torius the SA Qe is pierced by the foramen of Magendie. 

In SS e foramen of Magendie the vessels of the tela chorioidea, which are 
derived S posterior inferior cerebellar arteries, form two longitudinal, lobulated 
strands w NOY invaginate the epithelial roof of the ventricle, one on either side of the 
, and project into its cavity. These form the chorioid plexus of the fourth 
, At the base of the tela the two chorioid plexuses join each other and then 


E ransversely outwards into the lateral recesses of the ventricle, where they pass 
iind the restiform bodies and form the ‘ cornucopre.’ 
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The tela chorioidea of the third ventricle, or velum interpositum, is a tri- 
angular duplication of the pia mater which exter ids between the fornix above and the 
thalami and third ventricle below, and in front ends blindly at the interventricular 
foramina. In the transverse cerebral fissure the layers of pia forming the tela are 
separate, the upper being the pia of the under surface of the corpus callosum and con- 
tinuous with that of the tentorial surfaces of the occipital lobes; the lower being con- 
tinuous into the pia enfolding the epiphysis, and covering the mesencephalon, 
anterior medullary velum, and cerebellum. The layers forming the portion of the du- 
plication which roofs over the third ventricle are loosely adherent to each other and 
form the tela chorioidea proper of that ventricle. The upper surface of this portion 
is in relation with the fornix and its lower surface, covered by the epithelial chorioid 


Fra. 668.—HonizoNTAL DISSECTION OF THE CEREBRUM SHOWING THE TELA CHORIOIDEA OF 
THE THIRD VENTRICLE. 


(From a mounted specimen in the Anatomical Department of Trinity College, Dublin.) 


The fornix has been removed to show the tela chorioidea. 
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lamina, lies laterally USE superior surfaces of both thalami, and mesially forms the 
roof of the third ve between them. Between the two layers of this portion, 
and embedded in à amount of the spongy subarachnoid tissue retained between 
them, are the NS wins of Galen, the internal cerebral veins.  Posteriorly these veins 
unite in tl oh of the epiphysis to form the single great cerebral vein (vena 
cerebri og NN Anteriorly the veins of Galen receive the veins of the septum pellu- 
cidum fro each lamina of the septum pellucidum above, and also the terminal vein 
NES ONpus striatum), lying in the stria terminalis of the thalamus, empties into 

then NO. each side. 
e tela chorioidea or velum interpositum extends laterally between the fornix 


Qe imbria above and the stria terminalis of the thalamus below into each lateral 
yf 
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ventricle. Posteriorly the continuation of this lateral extension appears as an in- 
vagination into the lateral ventricle through the floor of the chorioid fissure. The 
blood-vessels of the border projecting into the lateral ventricle are amplified into a 
plexus which appears as a strip of reddish, lobulated, villus-like processes known as 
the chorioid plexus of the lateral ventricle. The plexus, being in the border of 
the tela, begins at the interventricular foramen, extends through the body or central 
portion of the ventricle, and downwards into the inferior cornu. It is most developed 
at the junction of the body with the inferior cornu, and is there known as the glomus 
chorioideum. 

From the under surface of the tela chorioidea of the third ventricle, hanging 
down on either side of the mid-line into the cavity of the ventricle, are two other 
longitudinal, lobulated strands of blood-vessels which are the chorioid plexuses of 
the third ventricle. At the anterior end of the third ventricle these two plexuses 
join with each other and also at the interventricular foramen with the plexus of the 
lateral ventricle of each side. 


Fic. 669.—DiAGRAM or CORONAL SECTION or CEREBRUM THROUGH MIDDLE or THALAMEN- 
CEPHALON SHOWING RELATIONS OF Pra MATER ENCEPHALI AND CHORIOID PLEXUSES OF 
THIRD AND LATERAL VENTRICLES. 
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The chorioid plexuses « N the ventricles are covered by a layer of epithelium, 
epithelial chorioid la "E 'h is but a reflexion of the epithelium lining the cavities 
throughout. The blootkyAssels of the chorioid plexus of the lateral ventricle receive 
blood by the chorjoidartery (a direct branch of the internal carotid), which enters the 
plexus through t[f&'eMorioid fissure immediately behind the uncus, and also by the 
chorioidal brane} of the posterior cerebral artery, which supply the plexus of the 
body of the <cNiricle The chorioid plexuses of the third ventricle receive blood 
chiefly | NS ches from the superior cerebellar arteries. The greater part of the 


blood of Y plexuses passes out by way of the tortuous chorioid veins, which, at the 
interydatricular foramen, empty into the vene terminales (veins of the corpus stri- 


a “Which, in their turn, go to form the greater part of the veins of Galen. Thence 
hebod passes by way of the vena cerebri magna into the straight sinus. It is prob- 
e that a large part of the cerebro-spinal fluid is derived by diffusion through the 


Q alls of the vessels of the chorioid plexuses. 
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The nerves of the pia mater are probably all for the supply of the numerous blood-vessels 
init. They accompany the vessels and form terminal, perivascular plexuses about them. They 
are chiefly sympathetic, vaso-motor to the smooth muscle in the walls of the vessels. A few 
fibres of cerebro-spinal origin occur, all of which are, no doubt, of the sensory variety. The 
nerve supply of the spinal pia mater is derived from the recurrent branches of the spinal nerves. 


IHE PERIPHERAL NERVOUS SYSTEM 


The intimate connection and consequent control exercised by the central nervous 
system over all the tissues and organs of the body is attained through the peripheral 
nervous system. This system, abundantly attached to the central system, consists 
of numerous bundles of nerve-fibres which divide and ramify throughout the body, 
anastomosing with each other and forming various plexuses, large and small. The 
terminal rami divide and subdivide until the division attains the individual nerve- 
fibres of which they are composed, and finally the nerve-fibres terminate in relations 
with their allotted peripheral elements. It is by means of this system that stimuli 
arising in the peripheral tissues are conveyed to the central system, and that im- 
pulses in response are borne from the central system to the peripheral organs. For 
purposes of description, as well as upon the basis of certain differences in structure, 
arrangement, and distribution, the peripheral nervous system is separated into two 
main divisions:—(1) the cerebro-spinal and (2) the sympathetic system. 

Both of these divisions include numerous ganglia or peripheral groups of nerve- 
cells from which arise a considerable proportion of the fibres forming their nerve- 
trunks, but neither of the divisions may be considered wholly apart from the central 
system nor are they separate from each other. The sensory or afferent fibres of the 
cerebro-spinal nerves pass by way of the afferent nerve-roots into the central system 
and contribute appreciably to its bulk, and the motor or efferent fibres of these nerves 
have their cells of origin (nuclei) situated within the confines of the central system. 
The sympathetic system is intimately associated with the cerebro-spinal, and conse- 
quently with the central system—(1) by means of fibres which eqXr the cerebro- 
spinal ganglia and convey impulses which enter the central Syst ) by efferent 
fibres of central origin which course in the nerve-trunks and teytyiNete in the ganglia 
of the sympathetic system; (3) also, the sympathetic trunks Qu. contain numer- 
ous afferent cerebro-spinal fibres which thus course to theff\yéripheral termination, 
usually in the so-called ‘splanchnic area,’ or domain of t(@ Sympathetic, in company 
with the sympathetie fibres. Likewise the peripher: ches of the cerebro-spinal 
nerves often carry for varying distances ro pathetic fibres which are on 


their way to terminate either in other sympat anglia or upon their allotted 


tissue-elements. 

The following differences between the K Dro-spinal and sympathetic systems 
of nerves may be cited:—(1) The cerebro k nerves are anatomically continuous 
with the brain and spinal cord; P fibres arising in the sympathetic ganglia 
actually enter the central system. (4 e ganglia of the cerebro-spinal nerves all 


lie quite near the central axis, in li ither side of it, and at more or less regular 
intervals; the sympathetic ga gre scattered throughout the body tissues, are 
far more numerous and more le in size, and probably only the larger of them 


are symmetrical for the ty® Sdés of the body. (3) The cerebro-spinal nerves are 
paired throughout, and th\ngfves of each pair are symmetrical as to their origin and 
also, with certain exceptions (notably the vagus), in their course and distribution; 
most of the larger andar proximal of thesympathetic nerve-trunks are symmetrical 
for the two sides of body; many of them are not, and many of the smaller and 


most of the moye @yPheral nerves are not pairedatall. (4) Even in their finer twigs, 
the cerebro- nerves of the two sides probably do not anastomose with each 


other acros mid-line of the body; the sympathetic nerves do so abundantly, 
witNin the body cavity. (5) The cerebro-spinal nerves are distributed to 
7 sensory surfaces of the body and the organs of special sense and to the 
rfated or ‘voluntary’ muscles of the body; the sympathetic fibres are de- 
chiefly to the supply of the so-called involuntary muscles of the body, including 
100th muscle in the walls of the viscera and in the walls of the blood and lymph 
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Fic. 670.—SHOWING THE RELATION BETWEEN THE CENTRAL AND THE PERIPHERAL NERVOUS 


(Combination drawing in part after Allen Thompson, from Rauber.) 
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vaseular systems, while some serve as secretory fibres to the glands. (6) Cerebro- 
spinal nerve-fibres are characterized by well-developed medullary sheaths, making 
the nerves appear as white strands; most of the sympathetic fibres are non- -medul- 
lated, some are partially medullated, but none possess as thick medullary sheaths as 
those of the cerebro-spinal nerves. Thus sympathetic nerves appear as grey strands. 

The cerebro-spinal nerves.— There are forty-three pairs of cérebro- spinal nerves, 
of which thirty-one pairs are attached to the spinal cord (spinal nerves) and twelve 
pairs to the encephalon (cranial nerves). The spinal nerves are the more primitive 
and retain the typical character, ie., each is attached to the spinal cord by two 
roots, a dorsal or sensory ganglionated root, and a ventral, which is motor, and thus 
not ganglionated. Most of the cranial nerves have only one root, which in some cases 
corresponds to a dorsal root and therefore has a ganglion, and in other cases corre- 
‘sponds, physiologically at least, to a ventral root of a spinal nerve. Among other 
differences, the fibres of the first cranial nerve, for example, do not collect to form a 
distinct nerve-trunk. On account, therefore, of their more typical characters, it is 
convenient to consider the spinal nerves first. 


THE SPINAL NERVES 


The spinal nerves are arranged in pairs, the nerves of each pair being symmetrical 
in their attachment to either side of their respective segment of the spinal cord, and, in 
general, symmetrical in their course and distribution. There are usually thirty-one 
pairs of functional spinal nerves. For purposes of description these are topographic- 
ally separated into eight pairs of cervical nerves, twelve pairs of thoracic nerves, 
five pairs of lumbar, five pairs of sacral, and one pair of coccygeal nerves. Occasionally 
the coccygeal or t thirty-first pair is practically wanting, while, on the other hand, 
there may be frequently found small filaments representing one or even two addi- 
tional pairs of coccygeal nerves below the thirty-first pair. These rudimentary 
coccygeal nerves are probably not functional. They never pass outside the verte- 
bral canal, and often even remain within the tubular portion of the filum terminale. 
There sometimes occurs an increase in the number of vertebrz in the vertebral column 
and in such cases there is always a corresponding increase in the numper of the spinal 
nerves. 

Origin and attachment.—EKach spinal nerve is attached 
two roots:—a sensory or afferent dorsal root and a motor on 

Each dorsal root has interposed in its course an ovoid mass 
GERE. and the nerve-fibres forming the root arise fre 
n are thus of peripheralorigin. The fibres composi 

hand, are of central origin; they arise from the larg 
of the grey column w ithin the spinal cord. Es 
cell of origin pursues a short tortuous course i 
undergoes a T-shaped bifurcation, one pr odufe o 
where it terminates for the collection of A ions and is known as the peripheral 
branch, or, since it conveys impulses towar&#the cell-body, the dendrite of the spinal 
ganglion neurone. The other produc gine bifurcation, the central branch, passes 
into the spinal cord and in its cours s the cord contributes to form the dorsal 


e pinal cord by 
ent ventral root. 
rve-cells, the spinal 
je cells of this ganglion 
ventral root, on the other 
or cells of the ventral horn 
sal root-fibre upon leaving its 
Jithe spinal ganglion and then 
hich passes tow. ards the periphery, 


root proper. 

The central branches, ipo NN cing from the spinal ganglia, form a single com- 
pact bundle at first, which pafs% ough the dura mater of the spinal cord and then 
breaks up into a series of rfot-—tments (fila radicularia). These thread-like bundles 
of fibres spread out verti ' in a fan-like manner and enter the cord in a direct 
linear series along its Gstero-lateral sulcus. The fibres of the ventral root emerge 
from the cord in a segNe6f more finely divided root filaments, which, unlike the enter- 
ing filaments of rsal root, are not arranged in direct linear series, but make their 


exit over a &f4 the ventro-lateral aspect of the cord in some places as much as 
two a. (wide. 


As they eter the spinal cord the fibres of the dorsal roots undergo a Y-shaped division, 
is pre ts of which course in the cord longitudinally, an ascending and a descending branch. 
sw bs ng or caudad branches are shorter than usn ascending, and soon enter and terminate 

al ut cells within the grey column of the cord, forming either associational, commissural, or 
xy connections or about cells whose fibres form cerebellar connections. The ascending 
halad branches are éither short, intermediate, or long. The short and intermediate 


.AQ 
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branches are similar in function to the descending branches, save that they become associated 
with the grey substance of segments of the cord above rather than below the level of their 
entrance. The long branches convey impulses destined for the structures of the brain, and pass 
upwards in the fasciculus gracilis or fasciculus cuneatus of the cord, and terminate in the 
nuclei of these fasciculi in the medulla oblongata (figs. 646 and 648). 

Aberrant spinal ganglia.—ln serial sections on either side of the spinal ganglion of a 
nerve there may often be found outlying cells either scattered or in groups of sufficient size 
to be called small ganglia. Such are more often found in the dorsal roots of the lumbar and sacral 
nerves. These cells are nothing more than spinal ganglion-cells displaced in the growth 
processes, and have the same nature and function as those in the ganglion. In some 
animals occasional cells very rarely have been found in the outer portion of the ventral root. 
These probably represent afferent fibres which enter the cord by way of the ventral root. Like- 
wise, especially in the birds and amphibia, it has been shown that occasional efferent fibres 
may pass from the grey substance of the cord to the periphery by way of the dorsal instead of 
the ventral root. 


Relative size of the roots.— The sensory or dorsal root is larger than the ventral 
root, indicating that the sensory area to be supplied is greater and perhaps more 
abundantly innervated than the area requiring motor fibres. It has been shown 
that in the entire thirty-one spinal nerves of one side of the body of man the dorsal 
root fibres number 653,627, while all the corresponding ventral roots contain but 233,- 
700 fibres, a ratio of 3.2: 1. (Ingbert. In the increase in the size of the nerves for the 


Fic. 671.—DorsaL AND VENTRAL VIEWS OF SPINAL CORD SHOWING MANNER OF ATTACHMENT 
or DORSAL AND VENTRAL Roots. 


ANTERO-LATERAL SULCUS (line of ventral roots) POSTERIOR MEDIAN SULCUS 

^f ANTERIOR MEDIAN FISSURE T POSTERIOR IN- 
radios 4 e? TERMEDIATE 

e L SULCUS. 


a FILA RADICULARIA 


DORSAL ROOT 


VENTRAL ROOT 


~- POSTERO- 
LATERAL 
SULCUS 
(line of dor- 
sal roots) 


supply of the limbs the gain of dorsal root S fibres is far greater than the gain 
of ventral root-fibres. The first cervjegl OF the sub-occipital nerve is always an ex- 
ception to the rule; its dorsal root is irys smaller than its ventral, and in rare cases 
may be rudimentary or entirely ak The spinal ganglion and, therefore, the sen- 
sory root of the coccygeal ner« 

The dorsal and ventral rq 
their segment of attachr 
collect to form their re 
foramina. On the inme 


ores of each spinal nerve proceed outwards from 
n the spinal cord, pierce the pia mater and arachnoid, 
ive roots, and pass into their respective intervertebral 

ate peripheral side of the spinal ganglion the two roots 
blend, giving Bà ve the thus mixed nerve-trunk. As the trunk, the sensory 
and motor PR QI ke their exit from the vertebral canal through the intervertebral 
foramen. 


Relatiog e meninges.—The root filaments of each nerve receive connective- 
tissue sump rom the pia mater and arachnoid in passing through them. In the 
arachnc NM they become assembled into their respective nerve-roots, and the 
roots,«i\sely approaching each other, pass into the dura mater, from which they re- 
ceN Sp rate sheaths at first, but at the peripheral side of the ganglion these sheaths 

snd¥into one, which, with the subsequent blending of the roots, becomes the sheath 
pineurium of the nerve trunk. By means of the sheaths derived from the 


u^ 
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meninges, especially the dura, the nerve-roots and the trunk are attached to the peri- 
osteum of the margins of the intervertebral foramina and thus are enabled to give 
some lateral support to the spinal cord in the upper portion of the canal. ~The 
majority of the spinal ganglia lie in the intervertebral foramina, closely ensheathed, 
and thus outside the actual sac or cavity of the dura mater. The ganglia of the last 
lumbar and first four sacral nerves lie inside the vertebral canal, but since the sheath 
derived from the dura mater closely adheres to them, they are still outside the sac of 
the dura mater. The ganglia of the last sacral and of the coccygeal nerves (when 
present) lie in tubular extensions of the sub-dural cavity, and thus not only within 
the vertebral canal, but actually within the sac of the dura mater. The trunk of the 
first cervical nerve is assembled within the sac of the dura mater, and, therefore, the 
spinal ganglion of this nerve, when present, may lie within the sac. 

Course and direction of emergence.—Invested with the connective-tissue 
sheath derived from the meninges, each spinal nerve emerges from the vertebral canal 
through the intervertebral foramen below the corresponding vertebra, and in re- 
lation with the spinal rami of the arteries and veins associated with the blood supply 
of the given localities of the spinal cord. The first cervical nerve does not pass out- 
wards in an intervertebral foramen proper, but between the occipital bone and the 
posterior arch of the atlas and beneath the vertebral artery. Thus the eighth or last 
cervical nerve emerges between the seventh cervical and the first thoracic vertebra. 

The first and second pairs of cervical nerves pass out of the vertebral canal al- 
most at right angles to the levels of their attachment to the spinal cord. During the 

early per iods of development the level of exit of each pair of spinal nerves is opposite 
the level of its attachment to the cord, but, owing to the fact that in the later periods 
the vertebral column grows more rapidly than the cord and increases considerably in 
length after the cord has practically ceased growing, all the spinal nerves, with the 
exception of the first two, pass downwards as well as outwards. The obliquity of 
their course from the level of attachment to the level of exit increases progressively 
from above downwards, and, as the cord terminates at the level of the second lumbar 
vertebra, the roots of the lower lumbar and of the sacral nerves pass at first vertically 
downwards within the dura mater , and form around the filum terminale a tapering 
sheaf of nerve-roots, the cauda equina (horse’s tail) (fig. 566, p. 759). 

Topography of attachment.— The relations between the levels qf attachment of 
the spinal nerves to the cord and the spinous processes of the rons situated 
opposite these levels have been investigated by Nuhn and by The following 


table compiled by Reid gives the extreme limits of attach} NS observed in six 
subjects. "D 
TABLE OF TOPOGRAPHY OF ATTACHMENT OF NN ERVES. (Reid.) 


(A) signifies the highest level at which the root fila of a given nerve are attached 
to the cord, and (B) the lowest level observed. For Eos the root filaments of the sixth 
thoracic nerve may be attached as high as the lower Ke Othe spinous process of the second 
thoracic vertebra, or some may be attached as low upper border of the spinous process of 
the fifth thoracie vertebra, but in a given sub ject Ro y do not necessarily extend either as high 
or as low as either of the levels indicated. 


Nerves 
Second cervical (A) A little above the Qr- arch of atlas. 
(B) Midway between y^ arch of atlas and spine of axis. 
Third $ (A) A little below Qv arch of atlas. 
(B) Junction of XN ^vo-thirds and lower third of spine of axis. 
Fourth ** (A) Just below, r border of spine of axis. 
(B) MiddlgfOt She of third cervical vertebra. 
Fifth vf (A) Just bNgwlower border of spine of axis. 


(B) Jusfbelow lower border of spine of fourth cervical vertebra. 
Sixth e (A) ey border of spine of third cervical vertebra. 
re yer border of spine of fifth cervical vertebra. 
st below upper border of spine of fourth cervical vertebra. 
ANS Just above lower border of spine of sixth cervical vertebra. 


Seventh 


Eighth NS ) Upper border of spine of fifth cervical vertebra. 
(B) Upper border of spine of seventh cervical vertebra. 
First © AUN (A) Midway between spines of fifth cervical and sixth cervical vertebra. 
(B) Junction of upper two-thirds and lower third of interval between seventh 
cervical and first thoracic vertebra. 
(A) Lower border of spine of sixth cervical vertebra. 
(B) Just above lower border of spine of first thoracie vertebra. 
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Nerves 
Third thoracic (A) Just above middle of spine of seventh cervical vertebra. 
(B) Lower border of spine of second thoracic vertebra. 
Fourth ‘‘ (A) Just below upper border of spine of first thoracic vertebra. 
(B) Junetion of upper third and lower two-thirds of spine of third thoracic 
vertebra. 
Fifth £e (A) Upper border of spine of second thoracic vertebra. 
(B) Junetion of upper quarter and lower three-quarters of spine of fourth 
thoracic vertebra. 


Sixth y? (A) Lower borderof spine of second thoracic vertebra. 
(B) Just below upper border of spine of fifth thoracie vertebra. 
Seventh ‘‘ (A) Junction of upper third and lower two-thirds of spine of fourth thoracic 


vertebra. 
] (B) Just above lower border of spine of fifth thoracic vertebra. 
Eighth ‘ (A) Junction of upper two-thirds and lower third of interval between spines - 
of fourth thoracic and fifth thoracic vertebra. 
(B) Junetion of upper quarter and lower three-quarters of spine of sixth 
thoracic vertebra. 


Danth. i t. (A) Midway between spines of fifth thoracic and sixth thoracic vertebra. 
(B) Upper border of spine of seventh thoracic vertebra. 
Tenth ** (A) Midway between spines of sixth thoracic and seventh thoracic vertebra. | 
(B) Middle of the spine of eighth thoracic vertebra. f 
Eleventh ‘‘ (A) Junction of upper quarter and lower three-quarters of spine of seventh 


thoracic vertebra. 
(B) Just above spine of ninth thoracie vertebra. 
Twelfth ‘‘ (A) Junction of upper quarter and lower three-quarters of spine of eighth 
thoracie vertebra. 
(B) Just below spine of ninth thoracic vertebra. 


First lumbar (A) Midway between spines of eighth thoracic and ninth thoracic vertebre. | 
(B) Lower border of spine of tenth thoracic vertebra. 
Second  *' (A) Middle of spine of ninth thoracic vertebra. 
(B) Junction of upper third and lower two-thirds of spine of eleventh thoracic 
vertebra. 
Third di (A) Middle of spine of tenth thoracic vertebra. 
(B) Just below spine of eleventh thoracic vertebra. 
Fourth ‘ (A) Just below spine of tenth thoracic vertebra. 


(B) Junction of upper quarter and lower three-quarters of spine of twelfth 
thoracic vertebra. 
Fifth F (A) dotes of upper third and lower two- thirds of x f eleventh thoracic 
vertebra. 
(B) Middle of spine of twelfth thoracic vertebra. 
First sacral (A) Just above lower border of spine of eleventl 
Fifth e (B) Lower border of spine of first lumbar vert 
Coecygeal (A) Lower border of spine of first lumbar v 
(B) Just below upper border of spine of xU 


Qu vertebra. 


umbar vertebra. 


Relative size of the nerves.— The size of t] ent spinal nerves varies greatly. 
Just as the spinal cord shows marked enla mts in the cervical and lumbar 
regions necessitated by the greater amoung? innervation required of these regions 
for the structures of the upper and lower y so the nerves attached to these regions 
are considerably larger than elsewher »e smaller nerves are found in the two 
extremities of the series and in the pM ihoracie region. The smallest nerve is the 
coccygeal, and the next in order of are the lower sacral and the first two or three 
cervical nerves. The largest VO Ste those which contribute most to the great 
nerve-trunks for the innerv Orn. skin and muscles of the limbs:—the lower 
cervical and first sei cig upper limbs and the lower lumbar and first sacral 
for the lower limbs. e ng" 'es gradually increase in the series in passing from the 
smalier towards tae 

The primary d ns of the nerve-trunk.—A typical spinal nerve (middle 
thoracic, for exar “just as it emerges from the intervertebral foramen, divides 
into four brane the two large primary divisions; viz., the posterior primary 
division NN osterior) and the anterior primary division (ramus anterior); 
third, the NUN amus communicans, by which it is connected with the sympathetic; 
and four AN smaller, ramus meningeus (recurrent branch), which immediately 
turns ralwards for the innervation of the membranes of the spinal cord. 

NM ral, the posterior primary division passes dorsalwards between the arches 
OM tra¥fsverse processes of the two adjacent vertebre in relation with the anterior 
e transverse ligament, and then divides (with the exception of the first cervical, 4i 


VANS 


^ 
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the fourth and fifth thoracic, and the coccygeal PE into a medial (internal) 
branch and a lateral (external) branch. i he medial branch turns inwards towards 
the spinous processes of the vertebrze, and supplies the bones and joints and the mus- 
cles about them, and may or may not supply the skin overlying them. The lateral 
branch turns outwards and dorsalwards and also supplies the adjacent muscles and 
bones, and, if the medial branch has not supplied the overlying skin, it terminates 
in cutaneous twigs. Inthe upper half of the spinal nerves the medial branches 
supply the skin; in the lower half, it is the lateral branches which do so. Both 
branches of almost all the posterior divisions, especially those of the lower nerves, 
show a tendency to run caudalwards and thus are distributed to muscles and skin 
below the levels of their respective intervertebral foramina. They never supply the 
muscles of the limbs, though their cutaneous distribution extends upon the buttock, 
the shoulder, and the skin of the back of the head as far upwards as the vertex. 
The posterior primary divisions, with the exception of those of the first three cer- 
vical nerves, are much smaller than the anterior primary divisions. 

As their mixed function suggests, the posterior primary divisions contain both 
nerve-fibres from the ventral roots and peripheral fibres (dendrites) arising from the 
spinal ganglion- cells. If the nerve-trunk on the immediate peripheral side of 
the spinal ganglion be teased, bundles of ventral root-fibres may be seen crossing 


the trunk obliquely to enter the posterior division, and fibres from the spinal 


Fic. 672.—DIAGRAMS ILLUSTRATING THE ORIGIN AND DISTRIBUTION OF A TYPICAL SPINAL NERVE. 


A, in thoracic region; B, in region of a limb (highly schematic). 
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ganglion may also be traced into it. Also iG) Sympathetic fibres, derived 
chie ly by way of the ramus communicans, arf now to eourse in it for distribution 
in the walls of the blood-vessels, ete., of iQ à it supplies. 

The anterior primary divisions rv wards and ventralwards. With the 
exception of the first three cervical nery hey are larger than the posterior primary 
divisions, and appear as direct continQayons of the nerve-trunks. Only in case of 
most of the thoracie nerves do t Cy hin independent in their course. In these 
they run outwards and venir N in the body-wall. In general, these divisions 
supply the lateral and venta s of the body, the limbs, and the perineum. In 
the cervical, lumbar, and s 'eglons they lose their anatomical identity by divid- 
ing, subdividing, and anastewfiosing with each other so as to give rise to the three 
great cerebro-spinal 4 Geyses of the body—the cervical, the brachial, and the 
lumbo-sacral plex x The majority of the thoracic nerves retain the typical or 
primitive charact Qua h their anterior and posterior primary divisions. In them 
the anterior « ANS IF (intercostal nerve) divides into a lateral or dorsal and an an- 


terior or v NN deu both of which subdivide. The lateral branch is chiefly 
cutaneous; EN ierces the superficial muscles and, in the subcutaneous connective 
tissue, diajNes into a rutila posterior and a larger anterior ramus, which respectively 
suppl > gikin of the sides and the lateral part of the ventral surface of the body. 


its 


Ak Qa ‘ior branch continues ventralwards in the body-wall, giving off twigs along 


rse to the adjacent muscles and bones, and, as it approaches the ventral mid- 
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line of the body, it turns sharply outwards and sends rami medianwards and lateral- 
wards to supply the skin of the ventral aspect of the body. In the region of the 
limbs the typical arrangement is interfered with in that what corresponds to the lateral 
and anterior branches of the division are carried out into the limbs for the skin and 
muscles there, instead of supplying the lateral and ventral parts of the body-wall. 

Nerve-fibres arising in the spinal ganglion and fibies from the ventral or motor 
root pass directly from the nerve-trunk into the anterior primary division of the 
spinal nerve. This division also receives sympathetic nerve-fibres by way of the 
ramus communicans. These latter accompany the division and are distributed to 
their allotted elements in the territory it supplies. 

The rami communicantes are small, short, thread-like branches by which the 
nerve-trunks are connected with the nearest ganglion of the verticaliy running 
gangliated cord of the sympathetic (sympathetic trunk). The trunk or an- 
terior primary division of every spinal nerve has at least one of these; most 


Fic. 673.—DIAGRAM ILLUSTRATING THE ORIGIN OF THE COMPONENT NERVE-FIBRES OF THE 
PRIMARY DIVISIONS oF A TYPICAL SPINAL NERVE. 
AS, Afferent sympathetic fibre; D, Dogiel spinal ganglion-cell of type II. 
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of the nerves have two, sometimes there are three. The nerves of the 
cervical region CT ut one, and this is composed largely of sympathetic 
fibres (grey ramus). Were there are two, one usually contains medullated fibres 
sufficient to give W whiter appearance (white ramus). In the upper cervical 
and in the saerg[Nce ions one sympathetic ganglion may be connected with two 


or more spina ves, and sometimes one nerve is connected with two ganglia. 
The rami nicantes of the spinal nerves are equivalent to the communicating 
rami co NN w certain of the cranial nerves with the sympathetic system (tri- 
geminus, WwMéso-pharyngeus, vagus). The medullated fibres of the rami and, there- 
fore, the white rami consist chiefly of fibres from the spinal nerves, viz., fibres from 
t Mal ganglion-cells which enter and course to their distribution through the 
S nerves, splanchnic afferent fibres, and fibres from the ventral roots 


he spinal nerves which terminate in the sympathetic ganglia, splanchnic efferent 
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fibres. Thus the white rami have been termed the visceral divisions of the spinal 
nerves. The grey rami consist chiefly of sympathetic fibres, most of which are non- 
medullated or partially medullated, and which course to their distribution by way of 
the spinal nerves. Some of the sympathetic fibres terminate in the spinal ganglion, 
afferent sympathetic fibres (fig. 673). The usual absence of white rami communi- 

cantes from the cervical nerves is explained on the grounds—(1) that probably 
relatively few efferent splanchnie fibres are given to the sympathetie from this 
region of the cord; (2) that many of the efferent splanchnie fibres which do arise 
from this region of the cord probably join the rootlets of the spinal aecessory or 
eleventh cranial nerve and pass to the sympathetie system through the trunk of this 
nerve, and through the vagus with which it anastomoses; and (3) that such of these 
fibres as are given off from - the lower segments of this region, descend the cord and 
pass out by way of the upper thoracic nerves which give very evident white rami to 
the sympathetic. 

The meningeal or recurrent branch (figs. 672, 673, and 685) is very small and 
variable, and is seldom seen in ordinary dissections. It is given off from the nerve- 
trunk just before its anterior and posterior primary divisions are formed. It con- 
sists of a few peripheral branches of spinal ganglion-cells (sensory fibres) which leave 
the nerve-trunk and re-enter the vertebral canal for the,innervation of the meninges, 
and which are joined by a twig from the grey ramus or directly from the nearest 
sympathetic ganglion (vaso-motor fibres). There is considerable evidence, both 
physiological and anatomical, obtained chiefly from the animals, which shows that 
at times certain of the peripheral spinal ganglion or sensory fibres may turn back- 
wards in the nerve-trunk and pass to the meninges within the ventral root instead 
of contributing to a recurrent branch. The occurrence of such fibres in the ventral 
root explains the physiological phenomenon known as ‘recurrent sensibility. Like- 
wise, sympathetic fibres entering the trunk through the grey ramus may pass to the 
meninges by way of the ventral root, and at times the recurrent branch is probably 
absent altogether, its place being taken entirely by the meningeal fibres passing in 
the ventral root. 

Areas of distribution of the spinal nerves.—Both the posterior and anterior 
primary divisions divide and subdivide repeatedly, and their component fibres are 
distributed to areas of the body more or less constant for the nerves ofyeach pair, but 
the distribution of the different nerves is very variable. Corres ling to their 
aiaaehe eth, each to a given segment of the spinal gord, tne nermes | | 


of parts Use he grow th of the body, the A distr fon becomes greatly 
obseured and in some nerves practically obliter: wed. Nat y it is more retained 
by the nerves supplying the trunk than by those conte 1& to the innervation of 
the limbs and head, and the areas supplied by the rior primary divisions are 
less disturbed than those supplied by the anterior, Serna areas of cutaneous 
distribution of the posterior divisions are more leht than the areas of muscle 
supplied by these divisions, from the fact tha the Segmental myotomes from which 
the dorsal muscles arise fuse together oye Nap each other considerably during 
development. No nerve has a peser "bed area of distribution, cutaneous 
or muscular, for its area is always consid 7728 overlapped by the areas of the nerves 
adjacent to it. The mid- thoracic e more nearly supply a definitely prescribed 
belt of the body. 


POS Pus PRIMARY DIVISIONS 


The posterior une dijisions of the spinal nerves spring from the trunks 
immediately outside t intervertebral foramina, and they pass backwards between 
the adjacent did eit Mies With the exceptions of the first and second cer- 
vical nerves they a Weller than the corresponding anterior primary divisions, and 
after passing S the transverse processes into the region of the back they 
divide into 1 nd lateral branches. This division, however, does not occur 
in the cases NS st cervieal, the last two sacral, and the coccygeal nerves. 


~\ CERVICAL NERVES 
je posterior primary division of the first cervical or sub- occipital nerve 
is than the anterior primary division. It springs from the trunk, between 
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the vertebral artery and the posterior arch of the atlas, passes backwards into the 
sub-occipital triangle, and breaks up into branches which supply the superior 
oblique, the inferior oblique, and the rectus capitis posterior major muscles, 
which form the lateral boundaries of the triangle. It also gives a branch across 
the posterior surface of the rectus capitis posterior major to the rectus capitis 
posterior minor, and a branch to the semispinalis capitis (complexus) in the roof of 
the triangle. It communicates with the medial branch of the posterior primary 
division of the second cervieal nerve, either through or over the inferior oblique 
muscle, and it occasionally gives a cutaneous branch to the skin of the upper part 
of the back of the neck and the lower part of the scalp. 

The posterior primary division of the second cervical nerve is the largest 
posterior division of all. It divides into a small lateral branch and a very large medial 
branch. The lateral branch gives a twig to the inferior oblique and terminates in 
branches which supply the splenius and longissimus capitis (trachelo-mastoid) 
muscles. The medial branch is the greater occipital nerve. It turns around the 
lower border of the inferior oblique, crosses the sub-occipital triangle obliquely, pierces 
the semispinalis capitis (complexus), the tendon of the trapezius, and the deep 
cervical fascia, passing through the latter immediately below the superior nuchal 
line of the occipital bone, and it divides into several terminal branches which ramify 
in the superficial fascia of the scalp. It gives one or two motor twigs to the semi- 
spinalis capitis (complexus), and its terminal branches which are accompanied by 
branches of the occipital artery supply the skin of the scalp, above the superior nuchal 
line, as far forwards as the vertex. Occasionally one branch reaches the pinna and 
supplies the skin on the upper part of its medial aspect. As it turns around the in- 
ferior oblique it gives communicating branches to the medial branches of the pos- 
terior primary divisions of the first and third cervical nerves, and in this manner 
a small looped plexus is formed beneath the semispinalis capitis (complexus) muscle, 
the posterior cervical plexus of Cruveilhier. 

á The posterior primary branches of the third, fourth, and fifth cervical 
nerves divide at the outer border of the semispinalis colli into medial and lateral 
branches. The medial branches of the third, fourth, and fifth nerves run back- 
wards between the semispinalis colli and capitis (complexus), supplying both muscles. 
Then, after passing backwards between the semispinalis capitis and the ligamentum 
nuchse, they pierce the origin of the trapezius and supply the skiM of the back of the 
neck. The greater part of the medial branch of the third nexy Which runs upwards 
in the superficial fascia to the scalp, is called the third or s st occipital nerve; 
it communicates with the greater occipital nerve, and it s s the skin of the upper 
part of the back of the neck, near the middle line, ar skin of the scalp in the 
region of the external occipital protuberance. 

The medial branches of the posterior prim: 
and eighth cervical nerves pass to the median, 
and the subjacent multifidus spinz, and they 
lateral branches of the posterior primary 


nsions of the sixth, seventh, 
t Of the semispinalis colli, between it 

the neighbouring muscles. The 
fivisions of the last five cervical 


nerves are small and they are distributeqWo the longissimus capitis (trachelo-mas- 
toid), the ilio-costalis cervicis (cervicali: endens), the longissimus cervicis (trans- 


versalis cervicis), the semispinalis eps (complexus), and the splenius muscles. 


NG ACIC NERVES 
EN. ions of all the thoracic nerves divide into medial 
as they enter the vertebral groove. 'The medial 


thoracic nerves pass backwards between the semi- 


The posterior primar 
and lateral branches z f": 
branches of the upp 


spinalis dorsi and multifidus spine; they supply the spinalis dorsi, the semi- 
spinalis dorsi, theqmgtifidus spine, the rotatores spine, the intertransversales, and 
the interspinale& nyistles, and they end in cutaneous branches which, after piercing 


the eR a ui lateralwards in the superficial fascia of the back, and supply the 
skin as NS he middle of the scapula. The cutaneous branch of the second 
| nerve is argest; it can be traced lateralwards as far as the acromion process. 


| The mådial branches of the lower six thoracic nerves run dorsalwards, between 
tl ‘\ssimus dorsi and the multifidus spine; they chiefly end in twigs to the adja- 
y uScles, but not uncommonly they give small cutaneous twigs which pierce the 


jssimus dorsi and the trapezius and end in the skin near the mid-line of the back. 


POSTERIOR DIVISIONS OF SPINAL NERVES (78/909 


The lateral branches of the upper six thoracic nerves pass between the longis- 
simus dorsi and the ilio-costalis dorsi (accessorius) and end in those muscles, but the 
lateral branches of the six lower nerves are longer; they pass into the interval 
between the longissimus dorsi and the ilio-costalis dorsi and give branches to them, 
and then they pierce the latissimus dorsi and are distributed to the skin of the lower 
and lateral part of the back. 


Fic. 674.—DISTRIBUTION OF THE POSTERIOR PRIMARY DIVISIONS OF THE SPINAL 
Nerves. (Henle.) 


Trapezius 


Semispinalis colli 


Multifidus spines 


Rhomboideus 
major 
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Longissimus 
dorsi 
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External 
oblique 


Gluteus 
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S LUMBAR NERVES 
Qh ial branches of the posterior primary divisions of all the lumbar nerves 
eņN in ‘the multifidus spinæ and those of the three lower nerves send very small 


hes to the skin of the sacral region. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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The lateral branches of the upper three nerves pass obliquely lateralwards, 
| supplying twigs to the adjacent muscles, pierce the posterior layer of the lumbar 
aponeurosis at the outer border of the sacro-spinalis (erector spins) and enter the 
| subcutaneous tissue. They are, for the most part, cutaneous, forming the superior 
clunial nerves, which cross the crest of the ilium and pass downwards to occupy differ- 
ent planes in the thick superficial fascia which covers the upper part of the gluteus 
medius. The branch from the first nerve is comparatively small, and occupies the 
most superficial plane. The second occupies an intermediate position. The branch 
from the third nerve is the largest of the three, and occupies the lowest position; 
it distributes branches over the gluteus maximus as far as the great trochanter. The 
three nerves anastomose with one another and also with the cutaneous branches 
from the posterior primary divisions of the two upper sacral nerves. The lateral 
branch of the fourth lumbar nerve is of small size and ends in the lower part of the 
sacro-spinalis (erector spine). The lateral branch of the fifth lumbar is distributed 
to the sacro-spinalis and communicates with the first sacral nerve. 


SACRAL NERVES 


The posterior primary divisions of the upper four sacral nerves escape from the 
vertebral canal by passing through the posterior sacral foramina; those of the fifth 
sacral nerve pass out through the hiatus sacralis between the posterior sacro-coccy- 
geal ligaments. The upper three sacral nerves divide in the ordinary manner into 
medial and lateral branches; the lower two sacral nerves remain undivided. 

The medial branches of the upper three sacral nerves are of small size, and are 
distributed to the multifidus spine. The lateral branches anastomose with one 
another and with the external branch of the last lumbar nerve, forming loops on the 
posterior surface of the sacrum from which branches proceed to the posterior surface 
of the sacro-tuberous (great sacro-sciatic) ligament, where they anastomose and 
form a second series of loops, and from these two or three branches are given off. 
These branches pierce the gluteus maximus and come to the surface of that muscle in a 
line between the posterior superior spine of the ilium and the tip of the coccyx. 
Then, as the middle clunial nerves, they are distributed to the integument over the 
inner part of the gluteus maximus, and communicate, in their (purse through the 
superficial fascia, with the posterior branches of the lumbar ng 

The posterior divisions of the lower two sacral nerve 
with the posterior branch of the third sacral, and with tl 
loops from which twigs pass to the integument over th 

The posterior division of the coccygeal nerve jr? 
from the anterior division in the sacral canal and NS 's through the hiatus sacralis, 
pierces the ligaments which close the lower part åt canal, receives a communica- 
tion from the posterior division of the last ss rve, and ends in the skin over the 


back of the coccyx. q 


» With one another, 
Ycygeal nerve, forming 
wer end of the coccyx. 

ó undivided. It separates 


ANTERIOR IMARY DIVISIONS 


The anterior primary divisio1 he spinal nerves, with the exceptions of the 
first and second cervical nery larger than the posterior primary divisions, 
and each is joined near its One by a grey ramus communicans from the sympa- 
thetic gangliated cord (fig, 5, 676, 685). Beginning with the first or second tho- 
| racic nerve and ending witethe second or third lumbar nerve, each anterior division 

sends to-the gangliate 'd à white ramus communicans. The same is true of the 

second and third ef the third and fourth sacral nerves. Thése white rami are 
appropriately despeted the visceral branches of the spinal nerves. The anterior 
primary divisiofs 9 the cervical, lumbar, sacral, and coccygeal nerves unite with one 
another to €o$pnNolexuses, but the anterior primary divisions of the thoracic nerves, ex- 
cept the $ d last, remain separate, pursue independent courses, and each divides, 
| in a typN manner, into a lateral and an anterior or ventral branch. "The separa- 
tion oXthe anterior primary division into lateral and anterior branches is not confined 
CM t Sioracic nerves; it occurs also in the lower cervical, the lumbar, and the sacral 
> e ut such a division cannot be clearly distinguished either in the upper cervical 


| Chprves, or in the coccygeal nerve. 
_¢ A? 

NS 

+O) d 


THE CERVICAL PLEXUS TE 


CERVICAL NERVES, 


The anterior primary divisions of the upper four cervical nerves unite to form 
the cervical plexus, and each receives a communicating branch from the superior 
cervical sympathetic ganglion. The anterior divisions of the lower four cervical 
nerves are joined by the greater part of the first thoracie nerve and they unite to 
form the brachial plexus (figs. 675, 678, 679). The fifth and sixth cervical nerves 
receive communicating branches from the middle cervical sympathetic ganglion, 
and the seventh and eighth from the inferior cervical ganglion, while the first thoracic 
nerve is always connected with the first thoracic sympathetic ganglion by a grey 
ramus (figs. 675 and 718) and in most cases also by a white ramus communicans. 


THE CERVICAL PLEXUS 

The cervical plexus (figs. 675 and 676) isformed by the anterior primary divisions 
of the upper four cervical nerves which constitute the roots of the plexus. It lies 
in the upper part of the side of the neck, under cover of the sterno-mastoid, and upon 
the levator scapule and the scalenus medius. It is a locped plexus, consisting of 
three loops. The convexity of the upper loop is turned forwards, and the convexi- 
ties of the lower two loops are directed backwards. 

As the anterior primary division of the first cervical nerve passes to the plexus 
it runs outwards on the posterior arch of the atlas beneath the vertebral artery, 
then it turns forwards, between the vertebral artery and the outer side of the upper 
articular process of the atlas, and finally it descends, in front of the transverse 
process of the atlas, and unites with the upper branch of the second nerve, forming 
with it the first loop of the plexus. It gives branches to the rectus capitis lateralis, 
longus capitis (rectus capitis anterior major), and to the rectus capitis anterior 
(minor). It communicates with the ganglion of the trunk of the vagus, with the 
superior cervical ganglion of the sympathetic system, and by two branches with the 
hypoglossal nerve (fig. 676). These communications one the latter form the 
descendens hypoglossi and give the branches to the genio-hyoid and thyreo-hyoid 


muscles. 
The second cervical nerve (anterior pr imary division) B ind the upper 
articular process of the axis and the vertebral artery, and bet ^e intertrans- 


verse muscles extending from the first to the second cervical NS ore, to the inter- 
ral between the scalenus medius and the longus capitig "Lus capitis anterior 


major), where it divides into two parts. The upper } 'ends and unites with 
the first nerve to form the first loop of the plexus, andy er er branch passes down- 
wards and backwards and joins the upper branch third nerve in the second 
loop of the plexus (figs. 675, 676). It gives off Nefall Serial nerve and a fila- 
ment to the sterno-mastoid, which communigath th’ the spinal accessory nerve in 
the substance of the muscle, and it gives bra@ches which assist in forming the ansa 
hypoglossi, the cervical cutaneous, and the sey auricular nerve (fig. 676). 

The third and fourth cervical nerves pwss behind the vertebral artery (fig. 675) 
and between the intertransverse musc the interval between the scalenus medius 
and the longus capitis (rectus capitis rior major), where the third unites with the 
second and fourth nerves and NN "s the lower two loops of the plexus. The 


anterior divisions of these nerWaNXife about double the size of the preceding. The 
NN hypoglossi, the larger part of the great auricular 
and cervical cutaneous n c br anch to the phrenic, a branch to the supra-clavi- 
cular nerves, and musculaNisfanches to the scalenus medius, levator scapule, longus 

'apitis, and Uode, ee 676). This last branch communicates with the spinal 


third gives off a branch to 


T 


accessory nerve e muscle. The fourth nerve gives a branch to the phrenic, 
a aces to tho. Q a-clav xui nerves, and muscular branches to the scalenus 


medius, leva NN ulze, longus colli, and trapezius (fig. 676). The branch to the 
mens NN. Sd 1 one from the third nerve and communicates with the spinal 
ccu. NO beneath the muscle. 
Each, Noot of the plexus receives a communicating grey ramus from the superior 
en OA glion of the ay mpatberid and from the roots and loops of the plexus a 
béwA^of branches arise which form two main groups, the superficial and the 


» 


—— 
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SUPERFICIAL BRANCHES OF THE CERVICAL PLEXUS 


The superficial branches are described, according to the direction in which they 
run, as ascending, transverse, and descending branches. The ascending branches 
are the small occipital and the great auricular nerves. There is only one transverse 


Fig. 675.—ORIGIN OF THE CERVICAL AND BRACHIAL PuExus. (After Toldt, “Atlas of Human 


Anatomy," Rebman, London and New York.) 
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NL he cervical cutaneous (transverse cervical), and the descending branches 
e WAtinguished as the supraclavicular nerves. 


T 
O The ascending branches.—(1) The Small Occipital Nerve (fig. 675) arises from | 
4 
Ve 
N | 
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the second and third cervical nerves or from the loop between them and runs up- 
wards and backwards to the posterior border of the sterno-mastoid, where it hooks 
around the lower border of the spinal accessory nerve and then ascends along the 
posterior border of the muscle to the mastoid process. It pierces the deep cervical 
fascia and passes across the posterior part of the insertion of the sterno-mastoid into 
the superficial fascia of the scalp, in which it breaks up into auricular, mastoid, and 
occipital terminal branches. (a) The auricular branch runs upwards and slightly 
forwards to reach the integument on the upper median part of the pinna, to which 
it is distributed. (5) The mastoid branch is distributed to the skin covering the 
base of the mastoid process. (c) The occipital branches ramify over the occipitalis 


. Fig. 676.—DiaGraM or THE CERVICAL PLEXUS. 
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muscle and are distbifg to the skin of the scalp; they communicate with one an- 
other and with the ga& Occipital nerve. The branches of the small occipital nerve 
Ag) of the posterior auricular, great auricular, and great occipital 


anastomose with 
nerves (fig. 677 
(2) The ID uricular Nerve arises from the second and third cervical nerves 


(figs. 675, ONY It accompanies the small occipital to the posterior border of the 
sterno-maNoid, but at that point it diverges from the small occipital (fig. 677) and 
runs Ney’ ls and forwards across the sterno-mastoid towards the angle of the 
ro . When it is about half-way across the muscle it begins to break up into 
itXtéyminal | 


branches, which are named, according to the area of their distribution, 
e AC 
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mastoid, auricular, and facial. As the nerve ascends obliquely across the sterno- 
mastoid it is embedded in the deep cervieal fascia, is covered by superficial fascia 
and the platysma, and it lies parallel with and slightly behind the external jugular 
vein. (a) The mastoid branch is small, and is distributed to the integument cover- 
ing the mastoid process. It anastomoses with the posterior auricular and small 
occipital nerves. (b) The auricular branches are three or four stout twigs which 
anastomose with the branches of the posterior auricular nerve; they cross the super- 
ficial surface of the posterior auricular branch of the facial, and are distributed to 
the skin on the back of the pinna with the exception of its uppermost part. One or 
two twigs pass through fissures in the cartilage of the pinna, and are distributed to 


Fic. 677.—SUPERFICIAL BRANCHES OF THE CERVICAL PLEXUS 
After Hirschfeld and Leveillé.) 
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the integument on AG: surface of the lobule and the outer surface of the lower 
part of the helix enfj9nthelix. (c) The facial branches pass upwards and forwards 
among the supgeRNIT lobules of the parotid gland, and supply the skin over that 
gland and im tely in front of it, and they anastomose in the substance of the 
gland with 4(N, Cervico-facial division of the facial nerve. In some cases fine twigs 
may be NN forwards nearly to the angle of the mouth. 
Tr Ae branch.— The Superficial Cervical Cutaneous Nerve (transverse 
cervieg\) arises from the second and third cervical nerves (figs. 675, 676), and 
aO t the posterior border of the sterno-mastoid, a little below the great auric- 
larfierve. It passes transversely across the sterno-mastoid under cover of the integ- 
ent, platysma, and external jugular vein, and divides into a number of twigs which 
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spread out after the manner of a fan, and, as they approach the middle line, extend 
from the chin to the sternum (fig. 677). "The upper two or three of these twigs unite, 
beneath the platysma, with the cervieal (inframandibular) branch of the facial and 
thus form loops. From the terminal branches of the nerve numerous twigs arise 
which pierce the platysma and end in the skin of the front part of the neck. 

The descending or supra-clavicular branches.— These are derived from the 
third and fourth cervical nerves (figs. 675 and 676), and arise under cover of the sterno- 
mastoid. At their commencements they are usually united with the muscular 
branches destined for the trapezius. They become superficial at the middle of the 
posterior border of the sterno-mastoid, and as they pass downwards they pierce the 
deep cervical fascia. (1) The anterior supra-clavicular (suprasternal) branches 
(fig. 677) are small, and cross over the clavicular origin of the sterno-mastoid to 
reach the integument over the upper part of the manubrium sterni. They also 
supply the sterno-clavicular joint. (2) The middle supra-clavicular (supra- 
clavicular) nerves are of considerable size. They cross in front of the middle 
third of the clavicle under cover of the platysma, and are distributed to the skin 
covering the upper part of the pectoralis major as low as the third rib. (3) The 
posterior supra-clavicular (supra-acromial) branches (fig. 677) cross the clavi- 
cular insertion of the trapezius and the acromion process. They are distributed to 
the skin which covers the upper two-thirds of the deltoid muscle and they supply 
the acromio-clavicular joint. 


DEEP BRANCHES OF THE CERVICAL PLEXUS 


The deep branches of the plexus pass outwards and dorsalwards, or ventralwards 
and inwards; therefore they form two series, the external and the internal. 

The external branches of the deep series include communicating branches from 
the second, third, and fourth cervical nerves to the spinal accessory nerve, and 
muscular branches to the sterno-mastoid and the scalenus medius, levator scapule, 
and trapezius. 

The communicating branches of the external.—The communicating branch 
from the second cervieal nerve is ultimately distributed to the sterno-mastoid, and 
those from the third and fourth nerves end in the trapezius. 

1. The Nerve to the Sterno-mastoid arises from the second cerWcal nerve (fig. 
677). It pierces the deep surface of the sterno-mastoid, and c Qe within 
the muscle with the spinal accessory nerve. NV 

2. The Nerves to the Scalenus Medius (fig. 676) are Qi from the third 
and fourth cervical nerves close to their exit from the interyetebral foramina. 

3. The Nerves to the Levator Scapule (fig. 676) erived from the third 
and fourth cervical nerves, and occasionally from the x2 They pierce the super- 
ficial surface of the levator scapulæ, and supply Q er three divisions of that 
muscle. G 

4. The branches to the Trapezius (fig. 646) usually in the form of two stout 
twigs which are given off by the third and fo cervical nerves. They emerge from 
under cover of the sterno-mastoid at its erior border and cross the posterior 
superior triangle of the neck at a lower lel than the spinal accessory nerve (fig. 677). 
They pass under cover of the trapezi M nouns with the last-named nerve, and 
communicate with it to form the pezial plexus, from which the trapezius is 
supplied. NN 

The internal branches e deep series also comprise communicating and 
muscular branches. 

The communicating 
(1) branches which coy 


ches of the internal (figs. 675 and 676) include 
ect each of the first four cervical nerves with the superior 
cervical ganglion of *atPympathetic; (2) a communicating branch to the vagus; 
(3) a communicati g ranch to the hypoglossal; and (4) communicating branches 
which pass fram(tk&*second and third cervical nerves to the descendens hypoglossi 
(see p. 988). NN ultimate distribution of the twigs connected with the sympathetic 
and the vAN erves is not known, but the fibres which pass to the hypoglossal 
nerve pass from it to the thyreo-hyoideus muscle, and to the descendens hypoglossi, 
and {I er communicates with the branches from the second and third cervical 
ne Te ing with them a loop, the ansa hypoglossi, which lies on the carotid 
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sheath. From this loop the two bellies of the omo-hyoid muscle and the sterno- 
hyoid and sterno-thyreoid muscles are supplied. 

The muscular branches supply the rectus capitis lateralis, the longus capitis 
(rectus capitis anterior major), the rectus capitis anterior (minor), the scalenus an- 
terior, and the diaphragm. The nerve to the latter muscle is the phrenic. 

1. The branch to the Rectus Capitis Lateralis is furnished to that muscle by 
the first nerve as it crosses the deep surface of the muscle. 

2. The nerve to the Rectus Capitis Anterior (minor) is given off by the first 
nerve at the upper part of the loop in front of the transverse process of the atlas. 

3. The Longus Capitis (rectus capitis anterior major) receives twigs from 
the upper four cervical nerves. 

4. The Longus Colli receives branches from the second, third, and fourth cervi- 
cal nerves, and additional branches also from the fifth and sixth nerves. 

5. The Phrenic Nerve (fig. 676) springs chiefly from the fourth cervical nerve, 
but it usually receives a twig from the third and another from bs fifth cervical nerve, 
a small communicating branch from the sympathetie, and, rarely, a branch from the 
vagus. The twig from the fifth cervical nerve is frequently connected with the nerve 
to the subclavius. After the union of its roots the phrenic nerve passes downwards 
and inwards on the scalenus anterior (fig. 679). In this part of its course it is crossed 
by the tendon of the omo-hyoid and by the transverse cervical and transverse 
scapular (suprascapular) arteries. It is overlapped by the internal jugular vein, 
and it is covered by the sterno-mastoid muscle. At the root of the neck the left 
phrenic nerve lies behind the terminal portion of the thoracic duct, and each nerve 
passes off the anterior border of the scalenus anterior and descends in front of the 
first part of the subclavian artery and the pleura immediately below that artery; 
it passes behind the terminal part of the subclavian vein, crosses either in front of or 
behind the internal mammary artery and gains the inner surface of the pleural sac. 
From the root of the neck the relations of the phrenic nerves differ. The right 
phrenic nerve descends along the inner surface of the right pleural sac and crosses in 

front of the root of the lung. It is accompanied by the pericardiaco-phrenic artery 
(comes nervi phrenici), and it is in relation internally, and from above downwards, 
with the right innominate vein, the superior vena cava, and the pericardium, the latter 
membrane separating it from the wall of the right atrium (auricle). The left phrenic 
nerve descends along the inner surface of the left pleural sac acAompanied by the 
perieardiaco-phrenie (comes nervi phrenici) artery. In th veljor mediastinum 
it lies between the left common carotid and the left subclavi series, and it crosses 
in front of the left vagus, the left superior intercostal vein, the arch of the aorta. 
Below the arch of the aorta it crosses in front of the roo le left lung, and then lies 
along the left lateral surface of the pericardium, whi icy arates it from the wall of 
the left ventricle. 

Branches.—Both phrenic nerves distribute [3 
the pleura. The right nerve gives off a bran Qi ardiac, which accompanies the i 
superior vena cava and supplies the peric&yc . Each phrenic nerve divides into 
numerous terminal phrenico-abdomin sanches. As a rule, the right phrenic 
nerve divides into two main terminal bWylches, an anterior and a posterior. The 

anterior branch runs forwards and ^ its terminal filaments anastomoses with the 
phrenic of the MAMAS side n 2 je pericardium; others descend between the 
sternal and costal origins of t 'agm into the abdomen, where some of them 
supply the MAD agm and o scend in the falciform ligament to the peritoneum 


€ 
€ 


jes Si the pericardium and to 


M 


or the upper surface of tl r. The posterior branch passes through the vena 
aval opening and ran Cy on the lower surface of the diaphragm, anastomosing 
wi ‘ith the diaphr: putin eke ulgxus of the sympathetic, and its terminal branches supply 


the muscular fibres (o right half of the diaphragm, the inferior vena cava, and the 
right suprarenal e] 

The left phr herve divides into several branches. One of the most anterior 
branches NS «oNoses with the right phrenic nerve; the others pierce the diaphragm 
and ran NN ts under surface, where they anastomose with filaments of the left 
diaphragiNoWe plexus of the sympathetic and supply the left half of the diaphragm 
and thAleft suprarenal gland. The left phrenic nerve is considerably longer than the 
rig eye, partly on account of the lower level of the diaphragm on the left side, and | 
add account of the greater convexity of the left side of the pericardium. 
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THE BRACHIAL PLEXUS 


The brachial plexus (figs. 675, 678, 679) is formed by the anterior primary 
divisions of the four lower cervical nerves and the greater part of the first thoracic 
nerve. It is usually joined by small communicating twigs from the fourth cervical 
and second thoracic nerves. 

The anterior primary divisions of the lower four cervical nerves, after crossing 
behind the vertebral artery and between the anterior and posterior parts of the inter- 
transverse muscles, pass into the posterior triangle in the interval between the adjacent 
borders of the anterior and middle scalene muscles, where the fifth and sixth nerves 
receive a grey ramus communicans each from the middle cervical sympathetic ganglion, 
and the seventh and eighth nerves each receive a grey ramus from the inferior cervical 
sympathetic ganglion. The first thoracic is connected by two rami communicantes 
with the first thoraci ie sympathetic ganglion, and it divides into a smaller and a larger 
branch. The smaller branch passes along the intercostal space as the intercostal 
nerve, and the larger branch, after being joined by a communication from the second 


Fic. 678.—DIAGRAM OF A CoMMON ForRM or BRACHIAL PLEXUS. 
The posterior cord of the plexus is darkly shaded. 
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thoracic nerve, passes upwards anc rds, in front of the neck of the first rib and 
behind the apex of the pleural sq wo the lower part of the posterior triangle of the 
neck, where it takes part in th Nation of the plexus. 

The anterior primary ffiViWehis of those cervical nerves that form the brachial 
plexus may be considered ypically giving off anterior and posterior branches, ex- 
cept that the fifth RA ^S M nerves often unite before branching and give off their 
posterior branches aN mmon trunk, and the eighth nerve often receives its com- 
munication from th fst thoracic nerve before giving off its posterior branch. 

It is on accou tN this variation in the point of union of the fifth and sixth cervical 
nerves and NS eighth cervical and first thoracic nerves that so many different 
forms of theWN*us have been pictured and described. But if the differences in pri- 
mary brahine be borne in mind, the formation of the plexus is always uniform and 
simpler? vithstanding its different appearances. 

TA Jhe cords are formed from these branches in the following manner EE 
Ti Nouter cord is formed by the anterior branches of the fifth, sixth, and seventh 

s; (2) the inner cord, by the anterior branches of the eighth cervical and first 


918 | . THE NERVOUS SYSTEM 


thoracic nerves; and (3) the posterior cord, by the posterior branches of all of these 
cervical nerves. 

The plexus extends from the outer border of the scalenus anterior, where the roots 
of its constituent nerves appear, to the lower border of the pectoralis minor, where 
each of its three cords divides into two terminal branches, and it lies in the posterior 
triangle, in the root of the neck, and in the axillary fossa. In the posterior triangle 
and the root of the neck it is in relation behind with the scalenus medius (figs. 675, 


Fic. 679.—THE BRACHIAL PLEXUS AND BRANCHES OF THE REGION OF THE NECK AND SHOULDER. 
(After T'oldt, Atlas of Human Anatomy," Rebman, London and New York.) 
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679). I ite posterior triangle it is covered superficially by the skin and superficial 
fascia, ANLE the supra-clavieular branches of the cervical plexus, and the 
deep fascia’ and it is crossed by the lower part of the external jugular vein, by the nerve 
| ubclavius, the transverse cervical vein and the transverse scapular (supra- 


E 


BRANCH TO 
BRACHIALIS 


At the root of the neck it lies behind the clavicle and the sub- 


Se: 9$) vein, the posterior belly of the omo-hyoid muscle, and by the transverse 
eyes artery. 
Avius muscle, and the transverse scapular (suprascapular) artery crosses in front 
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of it. In the axillary fossa the cords are arranged around the axillary artery, the 
outer cord lying to the outer side, the inner cord to the inner side, and the posterior 
cord behind the artery. In this region the posterior relations of the plexus are the fat 
in the upper part of the fossa and the subscapularis muscle, and it is covered in front by 
the pectoral muscles and the coraco-clavicular fascia. The lower border of the 
plexus is in relation in the posterior triangle and the root of the neck with the pleura 
and the first rib, and it is overlapped in front by the third part of the subclavian 
artery. In the axillary fossa the lower cord which forms the lower border of the 
plexus is overlapped anteriorly by the axillary vein. The upper and outer border 
of the plexus has no very important relations. 

The branches of the plexus are given off either from the roots above the clavicle, 
or from the cords behind and below the clavicle. The branches from the cords are 
lateral branches and terminal branches. 

The branches from the supra-clavicular portion.—After the roots of the 
plexus have received communications from the sympathetic, which have already been 
referred to, they give off a series of muscular branches, viz.—the posterior thoracic 
nerves (the dorsal scapular and the long thoracic nerves), the suprascapular nerve, a 
communicating twig to the phrenic, the nerve to the subclavius, and small twigs to 
the scalene muscles and the longus colli muscle. 

The posterior thoracic nerves are two in number:—(a) the dorsal scapular 
(nerve to the rhomboids) arises principally from the fifth cervical nerve, but it fre- 
quently receives a twig from the fourth nerve (fig. 675). It passes downwards and 
dorsalwards, across the middle scalene, parallel with and below the spinal accessory 
nerve to the anterior border of the levator scapule, under which it disappears. It 
continues its descent under cover of the levator scapule and the rhomboids almost 
to the lower angle of the scapula, lying a little internal to the posterior border of the 
bone, and it supplies the lower fibres of the levator and the smaller and larger rhom- 
boid muscles. 

(b) The Long Thoracic Nerve (external respiratory of Bell) usually arises, by 
three roots, from the fifth, sixth, and seventh cervical nerves. The last is sometimes 
absent (figs. 675 and 678). The upper two roots traverse thé substance of the 
scalenus medius; the root from the seventh passes in front of that muscle. Twigs 
are furnished to the superior portion of the serratus anterior by the upper two roots; 
lower down they unite and are subsequently joined by the roof, 0 the seventh 
when present. The trunk of the nerve passes downwards behing Myyrbrachial plexus 
and the first stage of the axillary artery, and runs along the aWfljary surface of the 
serratus anterior (magnus), supplying twigs to each of the ge&ttions of that muscle 
(fig. 679). 

The Suprascapular Nerve (fig. 675) receives ibre he fifth and sixth cervi- 
cal nerves, and occasionally also a twig from the fou (Nerve. It is a nerve of con- 
siderable size, and it passes down wards and dorsa Ga :arallel with the dorsal scapu- 
lar nerve, at first along the upper border JR ésterior belly of the omo-hyoid 


muscle, then internal to the latter muscle an@Qnder cover of the anterior border of 
the trapezius to the suprascapular notch (fi 5), where it comes into relation with 
the transverse scapular (suprascapular) qgéery- It is separated from the artery at the 
notch by the superior transverse ligare the nerve passing through the notch and 
the artery above the ligament. / ntering the supraspinous fossa the nerve 
supplies branches to the supraqr s*Índ a branch to the shoulder-joint; then it 
descends through the great sca Ni notch between the bone and the inferior trans- 
verse ligament to the infgeenjus fossa, where it terminates in the infraspinatus 
muscle. 


The communicating t to the phrenic (fig. 675) arises from the fifth nerve 
close to the point wh Ope latter nerve receives its communicating twig from the 
cervical plexus. 

The nerve AS ubclavius (fig. 679) is a small twig which arises from the fifth 
nerve or fro NS upper trunk of the plexus, but occasionally it receives additional 
fibres from NS rth and sixth nerves. It runs downwards in front of the lower part 
of the plexus hd the third stage of the subclavian artery and, after giving off some- 
times a eX municating branch to the phrenic, pierces the posterior layer of the coraco- 
clavi Ny fascia, and enters the subclavius at its lower border. 


riety.—In rare cases the entire phrenic nerve may pass vid the nerve to the subclavius in 
of the third stage of the subclavian artery. 
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The scalen? and longus colli (figs. 675, 678) are supplied by twigs which arise from 
the lower three or four cervical nerves immediately after their exit from the inter- 
vertebral foramina. 

The lateral branches of the infra-clavicular portion are the anterior thoracic 
nerves (external and internal), from the outer and inner cords respectively, the 
medial antibrachial (internal) cutaneous and the medial brachial (lesser internal) 
cutaneous nerves, from the inner cord, and the subscapular nerves and thoraco-dorsal 
from the posterior cord. 

The external anterior thoracic nerve arises from the outer cord of the plexus 
and contains fibres from the fifth, sixth, and seventh nerves (figs. 675, 678, 679). 
After communicating with the internal anterior thoracic it pierces the coraco-clavicu- 
lar fascia and ends in branches that supply the pectoralis major muscle. The internal 
anterior thoracic nerve arises from the inner cord (figs. 675, 678, 679), contains 
fibres from the eighth cervical and first thoracie nerves, and passes forwards between 
the first stage of the axillary artery and the axillary vein. It unites with a branch 
from the external anterior thoracie, to form a loop which is placed in front of the 
first stage of the axillary artery; it gives branches to the pectoralis minor, and 
branches which pass through the latter muscle and end in the pectoralis major. 
From the loop additional branches are furnished to the pectoralis major. 

The Medial Brachial (Lesser Internal) Cutaneous Nerve, or nerve of Wris- 
berg (fig. 678), arises from the inner cord of the brachial plexus and sometimes con- 
tains fibres from the eighth cervical and first thoracic nerves, but usually fibres from 
the first thoracic nerve alone. It runs downwards on the inner side of the axillary vein, 
being separated by that vessel from the ulnar nerve, and it continues downwards 
with a slight inclination dorsalwards under cover of the deep fascia on the inner side 
of the arm. At the middle of the arm it pierces the deep fascia, and near the bend 
of the elbow it turns somewhat sharply dorsalwards to supply the integument which 
covers the olecranon process (fig. 680). As it traverses the axilla the nerve of Wris- 
berg communicates with the intercosto-brachial nerve, forming one, or sometimes 
two loops (fig. 678). In its course down the arm it gives a few fine twigs to the in- 
tegument. This herve may be absent, its place being taken by the intercosto- 
brachial or by part of the posterior brachial (internal) cutaneous branch of the radial 
(musculo-spiral) or, rarely, by a branch from the first intercostal nerve. 

The Medial Antibrachial (Internal) Cutaneous Nerve (figs.(¥5 and 678) arises 

from the inner cord immediately above the ulnar nerve. It weW(ails fibres from the 
eighth cervical and first thoracic nerves. At its origin it lj rectly on the inner 
side of the axillary artery (fig. 679), but it soon becomesaxtevt superficial and then 
? upper two-thirds'of the 
arm it lies in front and to the inner side of the brachia Nery. 
ORDe arm this nerve pierces the 
(ydes into an anterior and a poste- 
Wigs which pierce the deep fascia 
ner part of the arm. The volar 
Sterior); it passes in front of or behind 
'eral twigs which run down the forearm, 
anterior and internal aspect as far as the 
Mes of the ulnar nerve. The ulnar (posterior) 
branch passes downwards apc <~wards in front of the internal condyle of the 
humerus, and divides into I s which supply the skin on the postero-internal 
aspectoftheforearm. It: moses with the dorsal antibrachial (inferior external) 
eutaneous branch of es: ] (musculo-spiral) nerve and the dorsal branch of the 
ulnar nerve. 

The Subscapulagglerves are branches of the posterior cord (fig. 678). They are 
three in number, ; tinguished as upper, thoraco-dorsal or middle, and lower, and 
are distributed e subscapularis, latissimus dorsi, and teres major muscles. 


rior branch. Previous to its division it gives 
and supply the integument of the upper 
(anterior) branch is larger than the uln: 
the median basilic vein, and divides into 
supplying the integument covering 
wrist, and anastomosing with the b 


The uppe ort subscapular nerve is derived from the fifth and sixth cervical 
nerves. acs in the upper and posterior part of the axillary fossa, and it is distri- 


buted excwSively to the subscapularis muscle. It is occasionally double. 
TheXhoraco-dorsal, middle, or long subscapular nerve consists mainly of fibres 
fr ry seventh and eighth cervical nerves, but it may contain fibres from the 
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subscapular artery along the axillary margin of the subscapularis muscle, and ends 
in the latissimus dorsi (fig. 679). 

The lower subscapular nerve, carrying fibres from the fifth and sixth cervical 
nerves, passes behind the subscapular artery, below the circumflex branch (dorsalis 
scapulz), and is distributed to the teres major, and furnishes to the subscapularis one 
or two twigs which enter that muscle near its axillary margin. 

The terminal branches are two from each cord. The posterior cord divides 
into the axillary (circumflex) and the radial (musculo-spiral) nerves. The outer 
cord divides into the musculo-cutaneous nerve, and the outer root of the median 
nerve; the inner cord into the ulnar nerve, and the inner root of the median nerve. 

The Axillary (Circumflex) Nerve is the smaller of the two terminal branches of 
the posterior cord, and contains fibres from the fifth and sixth cervical nerves (figs. 675 


Fic. 680.—DisrRIBUTION OF CUTANEOUS NERVES ON THE ANTERIOR AND POSTERIOR ASPECTS 
OF THE SUPERIOR EXTREMITY. 
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and 678). At the lower bgd the subscapularis it passes dorsalwards and accom- 
panies the posterior cire&mflex artery through the quadrilateral space, which is 
bounded by the teres mgjoM*fong head of triceps, and subscapularis muscles, and the 
surgical neck of the Qi&# rus, and it divides into a smaller superior and a larger in- 
ferior division. Pr, Nx to its division it furnishes an articular twig to the shoulder- 
joint. This twig es the inferior part of the articular capsule. 

The sup vision accompanies the posterior circumflex artery around the 
neck of th Yus, and gives off a number of stout twigs which enter the deltoid 
muscle (fig. 9). A few fine filaments pierce the deltoid and end in the integument 
which eegXrs the middle third of that muscle. 

NO erior division divides into cutaneous and muscular branches. The 
tee is branch (the lateral brachial cutaneous nerve) turns around the posterior 


'r of the deltoid, pierces the deep fascia, and supplies the skin covering the lower 


È | 
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third of the deltoid and a small area of integument below the insertion of the muscle 
(fig. 680). One muscular branch is distributed to the teres minor; it swells out into 
an ovoid or fusiform, reddish, gangliform enlargement before entering the muscle. 
Other branches supply the lower and posterior part of the deltoid. 

` The Radial (Musculo-spiral) Nerve is the largest branch of the brachial plexus. 
It contains fibres from the sixth, seventh, and eighth cervical and sometimes from the 
fifth cervical and first thoracic nerves (figs. 675 and 678). It commences at the lower 
border of the pectoralis minor, as the direct continuation of the posterior cord of the 
plexus, and passes downwards and outwards in the axillary fossa behind the third 
part of the axillary artery (fig. 679) and in front of the subscapularis, latissimus dorsi, 
and teres major muscles. From the lower border of the axillary fossa it descends into 
the arm, where it lies, at first, on the inner side of the upper third of the humerus, be- 
hind the brachial artery and in front of the long head of the triceps; then it runs ob- 
liquely downwards and outwards behind the middle third of the humerus, in the 
groove for the radial nerve (musculo-spiral groove), and between the outer and inner 
heads of the triceps. It is accompanied, in this part of its course, by the profunda 
artery. At the junction of the middle and lower thirds of the humerus jt reaches the 
outer side of the arm, pierces the external intermuscular septum, and runs downwards 
and forwards between the brachio-radialis and extensor carpi radialis longus externally, 
and the brachialis internally (fig. 682), and it terminates, a short distance above 
the capitulum, by dividing into deep and superficial terminal branches. In the last 
part of its course it is accompanied by the anterior terminal branch of the profunda 
artery. 

Branches.— The branches of the radial or musculo-spiral nerve are cutaneous, 
muscular, articular, and terminal, but for practical purposes it is best to consider them 
in association with the situations of their origins. While it is in the axillary fossa 
the radial (musculo-spiral) nerve gives branches to the inner and long heads of the 
triceps (fig. 682), and an internal cutaneous branch. The branch to the long head of 
the triceps at once enters the substance of the muscle, that to the inner head breaks 
into branches which terminate in the muscle at different levels, and one of them, the 
ulnar collateral nerve, accompanies the ulnar nerve to the lower part of the arm. 
The posterior brachial (internal) cutaneous branch crosses the tendon of the 
latissimus dorsi,passes behind the intercosto-brachial (intercosto-humeral) nerve, 
pierces the deep fascia, and is distributed to the skin of the midde of the back of 
the arm below the deltoid. 

Whileit lies behind the middle third of the humerus, th 
nerve gives branches to the outer and inner heads of the trj 
The latter branch descends in the substance of the inner 
the bone, and it is accompanied by a small brane} 
dorsal antibrachial (external) cutaneous branc 
and inner heads of the triceps, divides near the e to its upper and lower branches 
(fig. 680), each of which perforates either the ad of the triceps muscle near its 
attachment to the humerus or the oie ermuscular septum. The upper 
branch, much the smaller, pierces the ‘Cj ascia in the line of the external inter- 
muscular septum; it accompanies the lo part of the cephalic vein, and supplies 
the skin over the lower half of the ouf@?gnd anterior aspect of the arm. The lower 
branch is of considerable size. I "fces the deep fascia a little below the upper 
branch, runs behind the exterp: Wle, and supplies the skin of the middle of the 
back of the forearm as far as rist, anastomosing with the medial antibrachial 
(internal) cutaneous and 1 o-cutaneous nerves (fig. 683). 

After the radial (mifscuwéSpiral) nerve has pierced the external intermuscular 
septum it gives branc io the brachio-radialis, extensor carpi radialis longus, 
and to the outer Ro 1 of the brachialis (fig. 683). From one of these branches an 
articular oma tributed to the elbow-joint. 

The termin One 'hes are:—a motor branch, the deep radial (posterior inter- 
osseous), à sory branch, the superficial radial (radial). 

The ial (posterior interosseous) nerve runs downwards in the interval 
between tMeNorachialis and extensor carpi radialis longus. It passes in front of the 


KY (musculo-spiral) 
Jand to the anconeus. 
Mof the triceps, close to 
cy e profunda artery. The 

“ing down between the outer 


E Rat O the elbow-joint, and after giving off branches to supply the extensor carpi 
a and supinator, it is crossed in front by the radial recurrent artery 
S It then runs downwards and backwards through the substance of the 


oe and enters the interval between the superficial and deep layers of 
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muscles at the back of the forearm, where it comes into relation with the posterior 
interosseous artery, and accompanies it across the abductor pollicis longus. At the 
lower border of the latter muscle it gives off a branch to the extensor pollicis longus, 
and another which crosses this muscle to the extensor indicis proprius. Continuing 
distalwards as the dorsal antibrachial interosseous nerve it leaves the posterior inter- 
osseous artery, dips beneath the extensor pollicis longus, and comes into relation w ith 
the anterior interosseous artery. It accompanies this artery upon the interosseous 
membrane and the back of the radius, passes through the groove for the extensor digi- 
torum communis and extensor indicis proprius to the back of the wrist, and terminates 


Fra. 681.—A DISSECTION oF THE CUTANEOUS NERVES ON THE DORSAL ASPECT OF THE 
Hanp AND Fincers. (H. St. J. B.) 


The branches of the median nerve are shown in black 
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nt which gives branches to the carpal articulations. The 
muscles supplied b deep radial (posterior interosseous) nerve are the extensor 
'arpi radialis N brachio-radialis (supinator longus), extensor digitorum com- 
munis, ANN NV quinti proprius, extensor carpi ulnaris, extensor indicis pro- 
prius, a Sedis nica of the thumb. The supinator (brevis) receives two 
twigs, on NS is given off before the nerve pierces the muscle and the other 
while it 4sassing t hrough it. 
GS rficial radial (radial) nerve is somewhat smaller than the deep radial 
(pgeribr interosseous), and is a purely cutaneous nerve. It runs downwards under 
of the brachio-radialis, passing in front of the elbow-joint, the radial recurrent 


in a gangliform enlaf: 
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artery, and the supinator (brevis). At the lower border of the supinator it ap- 
proaches the radial artery at an acute angle, and runs parallel to the outer side of that 
vessel in the middle third of the forearm, across the pronator teres. At the lower 
border of the pronator teres it bends backwards on the deep surface of the tendon of 
the brachio-radialis, and appears on the back of the forearm. It pierces the deep 
fascia and is directed across the dorsal carpal (posterior annular) ligament towards 
the back of the wrist, where it divides into its terminal branches (fig. 683). The 
most lateral of these supplies the skin on the radial part of the thenar eminence; 
the most medial, designated the ulnar anastomotic branch, communicates with 
the dorsal branch of the ulnar nerve. The other terminal branches, the dorsal 
digital nerves, supply to a variable extent: the skin on the dorsum of the first digit, 
both sides of the second and third digits, and part of the radial side of the fourth 
digit. These branches usually extend to the base of the nail of the first digit, to the 
distal interphalangeal joint of the second, not quite to the proximal interphalangeal 
joint of the third, and sometimes to the metacarpo-phalangeal joint of the fourth 
digit. 

The terminal branches of the outer cord of the brachial plexus are the musculo- 
cutaneous and the outer component of the median. The latter nerve will be described 
with the inner cord. 

The musculo-cutaneous nerve is composed of fibres derived chiefly from the 
anterior divisions of the fifth and sixth cervical nerves, together usually with some 
fibres from that of the seventh (figs. 675 and 678). The nerve to the coraco-brachia- 
lis usually consists of two or three twigs given off from.the nerve close to its origin 
before it enters the muscle (fig. 679). Sometimes, however, the fibres from the 
seventh nerve pass directly to this muscle without joining the main trunk. The 
musuclo-cutaneous nerve is placed at first close to the outer side of the axillary 
artery (fig. 679), but soon it leaves that vessel and, piercing the coraco-brachialis 
muscle, it passes obliquely downwards and outwards between the biceps and brach- 
ialis muscles. Soon after piercing the coraco-brachialis it gives off muscular branches ` 
to each head of the biceps and to the brachialis (fig. 682). It also gives twigs to 
the humerus, to the nutrient artery, and gives the chief supply to the elbow-joint. 
Below the branch to the brachialis is the cutaneous portion of the nerve termed 
the lateral antibrachial cutaneous nerve (fig. 682). This nerve continues down- 
wards between the biceps and brachialis, pierces the deep fascia Nhe outer border 
of the former muscle a little above the bend of the elbow, recags aJcommunication 
from the upper branch of the dorsal antibrachial (upper extet»; cutaneous branch 
of the radial (musculo-spiral) nerve, passes behind the r M cephalic vein, and 
divides into an anterior and a posterior branch. The lor branch runs down- 
wards on the outer and anterior part of the forearm Gupplying the integument of 
that region, and it terminates in the skin coveri JE middle part of the thenar 
eminence (fig. 683). A short distance above the j, after it has received a com- 
municating twig from the superficial radial ne (ve) vives off an articular branch to 
the carpal joints. This branch pierces th ascia and accompanies the radial 
artery to the back of the wrist. The p ior terminal branch is small, and is 
directed downwards and backwards in frow#of the external condyle of the humerus, 
to be distributed to the skin on the AS) and posterior aspect of the forearm as low 
as the wrist (fig. 680). It mA Eq with the superficial radial and with the 
lower branch of the dorsal aqu» ] (lower external) cutaneous branch of the 
radial (musculo-spiral) TON 

The terminal branches e inner cord of the brachial plexus are the ulnar 
and the inner compong the median nerve. Neither of these supplies any 
branches in the upper arð And thus they differ from the other terminal branches of 
the plexus. SERRA o ARIA the muscles and joints of the forearm, and the mus- 
cles, joints, and jaNyefment of the hand. 

The Ulnar , which is the largest branch of the inner cord of the brachial 
plexus, cont@y%& Mbres from the anterior divisions of the eighth cervical and first 
thoracic ni igs. 676 and 685). It commences at the lower border of the pector- 


alis minor Nw runs downwards in the axillary fossa in the posterior angle between 
the axilAry artery and vein. In the upper half of the arm it lies on the inner side of 
Lie Ve Ml artery (fig. 679), but at the level of the insertion of the coraco-brachialis it 

seNPackwards at an acute angle, and, accompanied by the superior ulnar collateral 
Gyro: profunda) artery, it pierces the internal intermuscular septum. After 
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passing through the septum it runs downwards, in a groove in the inner head of the 


triceps (fig. 682), to the interval between the olecranon process and the internal 
condyle of the humerus, and in this part of its course it is closely bound to the 


T : : : Q 
Fic. 682.—NERVES or THE RIGHT UPPER ARM VIEWED FROM IN Front. (Spalteholz.) 
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SS 
muscleQ\ the deep fascia. Immediately below the internal condyle it passes between 


the Mads of the flexor carpi ulnaris, along the inner side of the internal lateral 
isa 


] Q of the elbow, and it comes into relation with the posterior ulnar recurrent 
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In the upper part of the forearm it lies on the flexor digitorum profundus, covered 
| by the flexor carpi ulnaris. Near the junction of the upper and middle thirds of the 
| forearm it is joined by the ulnar artery, which accompanies it to its termination, 
lying throughout on its radial side (fig. 683). In the lower part of the forearm it 
still rests on the flexor digitorum profundus, but between the flexor carpi ulnaris and 
flexor digitorum sublimis, and is covered only by skin and fascia. At a variable 
point in this part of the forearm, usually about 5 to 8 em. (2 to 3 in.) from the carpus, 
the nerve divides into its two terminal branches, a dorsal branch to the dorsal aspect 
of the hand, and a volar branch to the volar aspect. 

Branches.—The ulnar resembles the median nerve in not furnishing any branches 
to the upper arm. As it passes between the olecranon process and the internal 
condyle it gives off two or three fine filaments to the elbow-joint. In the upper 
part of the forearm it supplies the flexor carpi ulnaris and the inner portion of the 
flexor digitorum profundus, and in the lower half it gives off the three cutaneous 
branches. In the palm of the hand it supplies the integument of the hypothenar 
eminence, the fifth digit, and half of the fourth digit, and part of the skin of the 
dorsum. It also supplies the short intrinsic muscles of the hand with the exception 
of the abductor pollicis, the opponens, the outer head of the flexor pollicis brevis, 
and the two outer lumbricales. 

The nerves to the flexor carpi ulnaris and to the inner two divisions of the 
flexor digitorum profundus arise from the ulnar nerve in the upper third of the 
forearm. 

Cutaneous Branches.—About the middle of the forearm the ulnar nerve gives 
off two cutaneous branches:—one pierces the fascia and anastomoses with the volar 
braneh of the medial antibrachial (internal) eutaneous nerve, and the other, the 
palmar cutaneous branch, runs downwards in front of the ulnar artery (fig. 683), 
and is conducted by the vessel into the palm (fig. 680). It furnishes some filaments 
to the vessel, supplies a few twigs to the skin of the hypothenar eminence, and ends 
in the integument covering the central depressed surface of the palm. 

The dorsal or posterior cutaneous branch, usually the smaller of the terminal 
branches, arises about. 5 em. (2 in.) above the wrist-joint, and passes backwards 
under cover of the flexor carpi ulnaris to reach the dorsal aspect of the wrist (fig. 684), 
where it gives off delicate branches to anastomose with branches of the medial 
antibrachial (internal) cutaneous, the dorsal antibrachial (ext&rnal) cutaneous 
branch of the radial (musculo-spiral), the lateral antibrachial gtangous of the mus- 
culo-cutaneous ner D. and with branches of the superficial , and then divides 
into five branches, the dorsal digitals (fig. 681), which ape ributed to the ulnar 
sides of the third, fourth, and fifth digits and the radial, Nel of the fourth and fifth 
digits. These branches usually extend on the fiftl dy nly as far as the base of 
the terminal phalanx, and on the fourth digit as far 2 Ww base of the second phalanx. 
The more distal parts of these digits are suppbe(Mby palmar digital branches of the 
ulnar nerve. 

The volar branch, the other terminal 
course between the flexor carpi ulnaris qggaq'NQexor digitorum sublimis, on the inner 
side of the ulnar artery, to the wrist, wh&ggl on the outer side of the pisiform bone, 
it divides into a superficial and a p branch (figs. 683 and 684). The latter 
accompanies the deep branch of the artery into the interval between the abductor 
digiti quinti and flexor digiti Op vis, and then passes through the fibres of the 
opponens digiti quinti to r e deep surface of the flexor tendons and their 
synovial sheaths. It supp AN ie abductor and opponens digiti quinti, the flexor 
digiti quinti brevis, the #ffirNwnd fourth lumbricales, all the interossei, the adductors 
of the thumb, and Iu. head, and occasionally the outer head, of the flexor 
pollicis brevis. Th CAPE branch gives off a branch to supply the palmaris 
brevis muscle, an Ne omosing branch to the median nerve, and then divides into 
two brane pe tle proper volar digital branch, which is distributed to the inner 
side of SN NS igit on its volar aspect, and the common volar digital branch, 
which PANS derneath the palmar aponeurosis and divides into two branches, 
which ANN NS contiguous margins of the fourth and fifth digits. "These branches 
supply also the dorsal surface of the second and third ph alanges of the same 


rð of the ulnar nerve, continues its 


de 
edian Nerve contains fibres of the sixth, seventh, and eighth cervical 
AS and of the first thoracic, and sometimes of the fifth cervical nerve. The 
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trunk is formed a little below the lower margin of the pectoralis minor, by the union 
of two components, one from the inner and one from the outer cord of the plexus 
(fig. 679). The inner component passes obliquely across the third part of the axil- 


Fic. 683.— DEEP NERVES or THE VOLAR SURFACE OF THE FoREARM. (After Toldt, “Atlas 
of Human Anatomy," Rebman, London and New York.) 
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and in the upper part of the trunk the fibres of the two components 
ars Ue ES From its commencement the median nerve runs almost verti- 
v Sut the lower part of the axillary fossa and through the arm. In the 
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fossa it lies external to the axillary artery and it is overlapped, on its outer side, by 
thecoraco-brachialis muscle. In theupper half of the arm it lies along theouterside of 
the brachial artery, and it is overlapped by the inner border of the biceps. At the 
middle of the arm it passes in front of the brachial artery, and then it descends, on the 
inner side of the artery, to the elbow. In the upper part of the antecubital fossa 
it is still at the inner side of the brachial artery, but separated from it by a small 
interval, and in the lower part of the fossa it lies along the inner side of the ulnar 
artery. As it leaves the antecubital fossa it passes between the two heads of the 
pronator teres, and it crosses in front of the ulnar artery (fig. 683), from which it is 
separated by the deep head of the pronator. In the forearm it passes vertically 
downwards, accompanied by the median (comes nervi mediani) artery. In the upper 
two-thirds of the region it lies deeply, between the flexor digitorum sublimis and 
the flexor digitorum QU E but in the lower third it becomes more superficial, 
and is placed beneath the deep fascia, between the flexor carpi radialis on the radial 
side and the palmaris longus and flexor digitorum sublimis tendons on the ulnar 
side. It crosses beneath the transverse carpal (anterior annular) ligament, in front 
of the flexor tendons, and in the palm at the lower border of the ligament it enlarges 
and divides into three branches, the common volar digital nerves. 

Branches.—The median nerve does not supply any part of the upper arm. In 
front of the elbow-joint it furnishes one or two filaments to that articulation. In 
the forearm it supplies all the superficial anterior muscles (with the exception of 
the flexor carpi ulnaris) directly from its trunk, and it supplies the deep muscles 
(with the exception of the inner half of the flexor digitorum profundus) by the volar 
(anterior) interosseous branch. In the hand it supplies the group of short muscles 
of the thumb which are placed on the radial side of the tendon of the flexor pollicis 
longus, the two outer lumbricales, the integument covering the central part of the 
palm and inner part of the thenar eminence, and the palmar aspect of the first, 
second, third, and radial half of the fourth digits. It also sends twigs to the dorsal 
aspect of these digits. 

The nerve to the pronator teres usually arises a little above the bend of the 
elbow, and pierces the outer border of th e muscle (figs. 683 and 684). It may arise 
in à common trunk with the following nerves:— 

The nerves to the flexor carpi radi alis, palmaris longus, and,flexor Aer 
sublimis arise a little lower down, and pierce the pronator-flexor «Cx of muscles to 
end in the respective members of the group for which they are Gin 1 (fig. 682). 

The volar (anterior) interosseous nerve arises from the on ^n at the level of the 
bicipital tubercle of the radius (fig. 683), and runs dow1 5, on the interosseous 
membrane, accompanied by the volar (anterior) inteross$pWe artery. It passes under 
cover of the pronator quadratus, and pierces the de ‘ce of that muscle, which it 
supplies. The volar interosseous nerve also furnis wig to the front of the wrist- 
joint, and supplies the flexor digitorum profungeg the flexor pollicis longus. The 
nerve to the former muscle arises from the vol 'Ssseous near its commencement ; 
it supplies the outer two divisions of theQnustfe, and it communicates within the 
substance of the muscle with twigs deriv m the ulnar nerve. 

It also supplies a branch to the inteNw&eous membrane which runs downwards 
upon, or in, the membrane, supplyin and giving branches to the volar (anterior) 
interosseous and nutrient arteries ¢m™M“~0 the periosteum of the radius, the ulna, and 
the carpus. 

The palmar cutaneous arises immediately above the transverse carpal 
(anterior annular) ligamer d passes between the tendons of the flexor carpi 
radialis and the palmar laws (fig. 683). It then crosses the superficial surface of 
the transverse carpal ligXpént, and is distributed to the integument and fascia on the 
central depressed Oy of the palm. It also supplies a few twigs to the inner border 
of the thenar emj : these twigs communicate with the musculo-cutaneous and 
superficial radiaNnjrves. 

The we mon volar digital nerves pass in the palm of the hand dorsal 


to the : al palmar arch and its digital branches, while the proper volar 
digitals, WAiches of these nerves, lie ventral to the digital arteries. 

The\first of the common volar digital nerves gives off a branch to supply the 

al OA pollicis, the opponens, and the superficial head of the flexor pollicis brevis, 

ip a BI Ran by a delicate branch with the deep branch of the ulnar nerve. It 

Qe divides into three proper volar digitals (fig. 684). The outer of these passes 
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obliquely across the long flexor tendon of the thumb and runs along the radial border 
of the thumb to its extremity. It gives numerous branches to the pulp of the thumb, 
and a strong twig which passes to the dorsum to supply the matrix of the nail. 
The second of these proper volar digitals supplies the ulnar side of the volar aspect 
of the thumb and gives off a twig to the matrix of the thumb nail. The third supplies 
the radial side of the second digit and gives a twig to the first lumbrical muscle. 

The second common volar digital sends a twig to the second lumbrical muscle, 
and divides a little above the metacarpo-phalangeal articulation into two proper 


Fic. 684.—NERVES OF THE PALMAR SURFACE OF THE HaNpn. (Testut.) 
The transverse carpal (anterior annular) ligament, superficial palmar arch, the flexor tendons 
of the digits, and the proximal portions of the lumbrical muscles have been removed. 


8, 9, Digitals of second and third common volar; 11, branch to lumbrieal II; 16, anastomotic 
branch between ulnar and median nerves; 20, branch to lumbrical III; 22, branch to 
interossei. 
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* 
volar digitals, whi d supply the adjacent sides of the second and third 
digits. ; 
The third q* NS volar digital communicates with the ulnar nerve, often gives 
a branch NN ird lumbrical muscle, and divides into two proper volar digitals 
which suppl De EA sides of the third and fourth digits. 

As tl groper volar digitals pass along the margins of the fingers they give off 
wig sm innervation of the skin on the dorsum of the second and third phalanges 
an une of their nails. Each of the nerves terminates in filaments to the 

"n the finger. 
59 


930 : THE NERVOUS SYSTEM 


TABLE SHOWING RELATION OF CERVICAL AND THORACIC NERVES TO BRANCHES 
OF BRACHIAL PLEXUS 
NERVES CONTRIBUTING. Nerves, BRANCHES OF PLEXUS. 

&C ( Dorsal scapular (nerve to rhomboids) 

I UNT LET SE S TAE oa l Nerve to subclavius 
í Suprascapular 
| Nerve to subclavius 
Dane Cone weg | Upper subscapular 
Lower subscapular 


l Axillar y (circumflex) 
" Long (posterior) thoracic 
5, 6, and 7 © IN Der M lx OE eee ge: 
xternal anterior thoracic 
5, 6, and (7) C....... |Musculo-cutaneous 
(DE OR 175. nut ess Radial (musculo-spiral) 
(5),6,7,8C.,and1T. Median 
7and 8 C........... | Thoraco-dorsal (middle subscapular) 
Internal anterior thoracic 
rol CAME ale al andl Wren ere l Ulnar 
Medial antibrachial (internal) cutaneous 
TUI E aA AN Medial brachial (lesser internal) cutaneous 


TABLE SHOWING THE RELATIONS OF THE MUSCLES OF THE UPPER EXTREMITY TO 
THE CERVICAL NERVES 


NERVES CONTRIBUTING. Muscles. Nerves TO Moscres. 
11th cranial, 2 C... Sterno-mastoid Spinal accessory 
A 9,4 C.. Trapezius Y ee ; 3 and 4 C. 
8and 4C.. .......' Levator scapule 9 and. 4 C. 
Subclavius Nerve to subclavius 
ie i car l Suprascapular 
nfraspinatus j 
Subscapularis Upper and lower subscapular 
Tand OO 02. sv. | Teres major Lower subscapular 
E \ Axillary (circupWlex 
Deltoid AR S WE x 
prachials ! Musculo-e (Qu 
| Biceps j 
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TABLE SHOWING THE RELATIONS OF THE MUSCLES OF THE UPPER EXTREMITY TO 
THE CERVICAL NERVES—(Continued) 


NERVES CONTRIBUTING. MvuscLEs. : Nerves TO Muscuss. 
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The anterior primary divisions of the thoracic nerves, with the exception 
of the first, retain, in the simplest form, the characters of anterior primary divisions 
of the typical spinal nerve. They do not form plexuses, but remain distinct from 
each other. Each divides into an easily recognisable lateral or dorsal and anterior 
or ventral branch (figs. 685 and 686), and they are not distributed to the limbs. The 
first, second, and last thoracic nerves, on account of their peculiarities, r&quire separate 
description. The remainder are separable into two groups, an u and a lower 
The upper group consists of four nerves, the third to the sixth NINsiVe, which are 
distributed entirely to the thoracic wall. The lower group coi¥jns five nerves, the 
seventh to the eleventh inclusive, which are distributed pa Wto the thoracic and 
partly to the abdominal wall. The upper group is thergaaX purely thoracic in dis- 


tribution, and the lower thoraco-abdominal. x 

The first thoracic nerve is connected with the firs acic sympathetic ganglion, 
and it frequently receives a communication fro second nerve. It is distrib- 
uted chiefly to the upper limb. Opposite the rior costo-transverse ligament 
of the second rib it divides into a larger anda smaller branch; the larger passes 
upwards and outwards, between the apex ie pleura and the neck of the first 


rib, and on the outer side of the superioggntéTcostal artery, to the root of the neck, 
where it joins the brachial plexus. Que branch continues along the inter- 
costal space, below the first rib anc een the intercostal muscles in which, as a 
rule, all its fibres terminate. H NN EY, i some instances it gives off a lateral eutan- 
eous branch which connects wit medial brachial (lesser internal) cutaneous nerve 
and with the intercosto-bpeckia) nerve in the axillary fossa; and occasionally it 
terminates in an anterior opos branch at the anterior extremity of the first inter- 
costal space 

The second thor ae’ Mperve, as it lies between the pleura and the superior costo- 
transverse lieamont oO ae third rib, gives a branch to the first nerve, then it pierces 
the posterior inte il membrane and passes between the external and internal 
intercostal mux A ni the second intercostal space. In the posterior part of the space 
it sends pray ackwards, through the external intercostal muscle, to supply the 
second lev, ostæ and the serratus posterior superior, and then it divides into a 
lateral arsed yn anterior branch. The two branches run forward together to the mid- 
axilla Mnd, where the lateral branch pierces the external intercostal muscle and 
pases between two digitations of the serratus anterior (magnus) into the axillary 
È the anterior branch enters the substance of the internal intercostal muscle. 
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The lateral branch, the intercosto-brachial (intercosto-humeral), may divide 
into a small anterior and a large posterior division, or the anterior division may be 
absent. In either case the lateral branch anastomoses with the medial brachial (lesser 
internal) cutaneous nerve, and usually with the lateral branch of the third intercostal 
nerve; it also anastomoses with the lateral branch of the first nerve, if the latter is 
present. After forming these anastomoses it passes out of the axillary fossa, pierces 
the deep fascia, and supplies the integument in the upper and posterior half of the 
arm. It also gives off a few filaments which terminate in the skin over the axillary 
border of the scapula. The size of the intercosto-brachial nerye and the extent of 
its distribution are usually in inverse proportion to the size of the other cutaneous 
nerves of the upper arm, especially the middle brachial (lesser internal) cutaneous. 
When the latter nerve is absent, the intercosto-brachial usually takes its place. 

The course and distribution of the anterior branch, when it is present, being 
similar to the course and distribution of the anterior branches of the next four nerves, 
do not require a separate description. 

The thoracic intercostal nerves.— The third, fourth, fifth, and sixth thoracic 
nerves, in the posterior parts of the intercostal spaces, give muscular branches to the 


Fia. 685.—DIAGRAM OF THE DISTRIBUTION OF A TYPICAL THORACIC NERVE. 
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filament NA? lateral mammary branches, into the latter organ. The lowest two also 
supply twigs to the upper digitations of the external oblique muscle. 

nterior branches run obliquely forwards and inwards, through the sub- | 
tag of the internal intercostal muscles, reaching the deep surface of these muscles 


are distrikt o the integument over the front of the thorax and mamma, sending i | 


the outer extremity of the costal cartilages (fig. 685). They continue forwards 


— 
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turn abruptly ventral a short distance from the sternum, pierce the internal inter- 
costals, the anterior intercostal membrane, and the pectoralis major, and give off three 
sets of terminal branches. One set supplies the transverse thoracic muscle and the 
back of the sternum. A second set, cutaneous, runs mesially. The third set passes 
laterally over the pectoralis major, supplying the skin in that region, and, in the 
female, the mammary gland through the medial mammary branches. The anterior 
branches in their course supply the intercostal and subcostal muscles and give fila- 
ments that supply the ribs, the periosteum, and the pleura. 

The thoraco-abdominal nerves. — The relations of the posterior portions of 
the seventh, eighth, ninth, tenth, and eleventh thoracic nerves to the thoracic wall 
are similar to those of the thoracic intercostal nerves. Each divides in a similar 
manner into a lateral and an anterior branch, but these branches are distributed 
partly to the abdominal] and partly to the thoracic wW all, and the smaller muscular 
branches have also different distributions. . 

The lateral branches, lateral cutaneous nerves of the abdomen, pierce the external 
intercostal muscles and pass through or between the digitations of the external 
oblique into the subcutaneous tissue, where they divide in the typical way into 
anterior and posterior branches. The posterior branches pass backwards over the 
latissimus dorsi. The anterior branches give filaments to the digitations of the 
external oblique and extend forwards, inwards, and downwards to the outer border 
of the sheath of the rectus. 

The anterior branches pass forwards between the external and internal inter- 
costal muscles, to the anterior ends of the intercostal spaces; there they insinuate 
themselves between the interdigitating slips of the diaphragm and the transver- 
sus abdominis and enter the abdominal wall. The seventh, eighth, and ninth 
nerves, in their transit from the thoracic to the abdominal wall, pass behind the 
upturned ends of the eighth, ninth, and tenth rib-cartilages resþectiv ely. Having 
entered the abdominal wall the nerves run forwards between the transversus abdo- 
minis and the internal oblique muscles to the outer border of the rectus abdominis, 
where they pierce the posterior lamella of the internal oblique aponeurosis and enter 
the sheath of the rectus. In the sheath they pass through the substance of the 
rectus. Finally they turn directly forwards, pierce the anterior part of the sheath, 
and become anterior cutaneous nerves of the abdomen. 

wey the levatores 
m rnal oblique, 


The muscular branches.— Muscular branches are distribute 
costarum, the intercostal muscles, the transversus abdominis, XN 


and to the rectus abdominis from all the thoraco-abdomi nerves, and the 
ninth, tenth, and eleventh nerves give branches to the s S posterior inferior. 
Branches are also distributed from a variable number Ie lower nerves to the 


costal portions of the diaphragm. > 

The last thoracic nerve.—The anterior prim: evision of the last thoracic 
nerve is distributed to the wall of the abdomen a e skin of the-upper and front 
part of the buttock. It appears in the thoragic ka) immediately below the last rib, 
where it communicates with the sympatheti&cord and gives off a communicating 
branch, the first lumbar nerve. It pass fsyfom the thorax into the abdomen 
beneath the lateral lumbo-costal arch (external arcuate ligament), accompanied by 
the subcostal artery, and it runs y*o upper part of the quadratus lumborum 


behind the kidney and the ascendin the descending colon according to the side 
in which it lies. At the outer boxdi 1e quadratus lumborum it pierces the apo- 
neurosis of origin of the tran NNI abdominis muscle and divides, between the 
transversus and the intern; ue muscle, into a lateral and an anterior branch. 
It gives branches to the (gius abdominis, the quadratus lumborum, and the 
internal oblique muscles. 

The anterior br passes forwards, between the internal oblique and the 
transversus UE which it supplies twigs. It enters the sheath of the rectus, 
turns forwards th that muscle, and terminates in branches which become cuta- 
neous midway SS. the umbilicus and the symphysis. Before it becomes cuta- 


neous it sug wigs to the transversus abdominis, the internal oblique, the rectus: 


abdominis, ar NN pyramidalis muscles. 

The kapral branch pierces the internal oblique; it supplies the lowest digita- 
tion oy ekternal oblique, and then pierces the latter muscle from 2:5 to 8 em. (1 to 
3 ià) aWove the iliac crest, and descends in the superficial fascia of the anterior 

the gluteal region, crossing the iliac crest about 2:5 cm. (1 in.) behind its an- 
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* 
terior extremity and reaching as far down as the level of the great trochanter. Oc- | 
casionally this branch is absent and its place is taken by the iliac branch of the ilio- a 


Fic. 686.—CUTANEOUS NERVES OF THE THORAX AND ABDOMEN, VIEWED FROM THE SIDE. 
(After Henle.) 
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Cxpobastric. In such cases, however, the communicating branch from the last 
racic to the first lumbar nerve is larger than usual. 
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THE LUMBO-SACRAL PLEXUS 


The lumbo-sacral plexus is formed by the union of the anterior primary divisions of 
the lumbar, sacral, and eoceygeal nerves. In about 50 per cent. of cases it receives a 
branch from the twelth thoracic nerve. 

Partly for convenience of description and partly on account of the differences in 
position and course of some of the nerves arising from it this plexus is subdivided into 
four parts—the lumbar, sacral, pudendal, and coccygeal plexuses. These plexuses 
overlap so that there is no definite line of demarcation between them. However, 
they will be considered separately. 


THE LUMBAR NERVES 


The anterior primary divisions of the five lumbar nerves increase in size from 
the first to the last. Each lumbar nerve is connected by one or two long, slender 
branches with a lumbar sympathetic ganglion. The first three and the greater 
part of the fourth enter into the formation of the lumbar plexus, and the smaller 
part of the fourth and the fifth nerve commonly unite to form the lumbo-sacral cord 
which takes part in the formation of the sacral plexus (figs. 687 and 688). 
When the fourth nerve enters into the formation of both lumbar and sacral plexuses, 
it may be called the furcal nerve, but this name is also applied to any of the nerves 
that enter into the formation of both plexuses, so there may be one or more furcal 
nerves. 


THE LUMBAR PLEXUS 


Although the lumbar plexus is ordinarily formed by the first thy eyes nerves 
and a part of the fourth, yet it is subject to consider 2 e SOON je manner of 
its formation. Owing to this variation three general classes of M vis be found, 
proximal or pre-fixed, ordinary, and distal or post-fixe he basis of classi- 


fication is the relation of the nerves of the limb to the ie erves which enter into 
their formation. The intermediate or slighter sd by RG iation may consist only 
of changes in the size of the portions contributed by erent spinal nerves to a 


Nt share of its fibres from 
‘KN a more distal nerve, or vice 
Q Ris the origin of a given per- 


given peripher al nerve, for a given nerve may reci 
a more proximal spin: il nerve, and a smaller sh(re Y 
versd. However, in the more marked degre 
ipheral nerve may vary in either direction to 4fNextent of one spinal nerve. The more 
extreme types of the plexuses are sometim ssociated with abnormal conditions of 
the vertebral column. It has been D that when the prefixed or proximal 
condition occurs, it indicates that th r limb is placed a segment more proximal 
than in the ordinary cases, and 7) the distal condition is present, that the 
ae is arranged a segment m&xistal. Three vee each of the proximal and 

the distal classes and one ty f the ordinary class have been described by 

Bardeen. His statistics aPeNg&de use of in the compilation of the following 
tables, in which are do get of variation and the common composition of each 


elass:-— 
«C 


Compton OF THE NERVES OF THE LUMBAR PLEXUS 


SS RANGE OF VARIATION 


PROXIMAL. ORDINARY. DISTAL. 


Lateral eXternal) cutaneous 12 T, 1, 2, 3 L. | eae eae are el 1 2, 945 di 
NA :nterior erural)..12T, 1, 2, 3, 4 L. 1.2, aL 1,.2;3; 45: 
(ORFUPINOTE., ueste err 159-341 1:969 TI. 2,3,4,5L 
Tote es eee 3or 3, 4L. 4 L. 4,5or5L 


: fascize latæ muscle 
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» COMMON COMPOSITION 
NERVE. PROXIMAL. ORDINARY. 
Lateral (external) cutaneous epa by eae AAs ue! by 
Femoral (anterior crural).. 1, 2, 3, 4 L. 2, 9,4 L. 2 
DIBPUTSDOn T atas eb ates a: SB D 2,9,4 L. 
AREEN PET S a ea 4L 4 L. 


The lumbar plexus lies in the posterior part of the psoas muscle (fig. 688), in 
front of the transverse processes of the lumbar vertebrz and the inner border of the 
quadratus lumborum, and its terminal branches are distributed to the lower part of 
the abdominal wall, the front and inner part of the thigh, the external genital 
organs, the front of the knee, the inner side of the leg, and the inner side of the foot. 

The first and second of the nerves give collateral muscular branches to the quad- 
ratus lumborum muscle, and the second and third nerves give similar branches to the 
psoas. The remaining branches of the plexus are terminal branches. The first lumbar 
nerve, after it has been joined by the communication from the last thoracic nerve, 
divides into three terminal branches, the ilio-hypogastric nerve, the ilio-inguinal 
nerve, and a branch which joins the second nerve. "The fibres of this latter branch 
pass mainly into the genito-femoral (genito-crural) nerve, but occasionally some of 
them enter the femoral (anterior crural) and obturator nerves. The remaining nerves 
divide into anterior or ventral and posterior or dorsal divisions. The anterior 
divisions form a portion of the genito-femoral (genito-crural) nerve and the obtura- 
tor nerve, and the posterior divisions enter the lateral (external) cutaneous and 
femoral (anterior crural) nerves. 

All the terminal branches of the plexus are formed in the substance of the psoas 
muscle; four of them, the ilio-hypogastrie, the ilio-inguinal, the lateral (external) 
cutaneous, and the femoral (anterior erural), leave the muscle at its outer border. 
The genito-femoral (genito-crural) passes through its anterior surface, and the 
obturator through its inner border. 

Terminal branches.— The Ilio-hypogastric Nerve springs from the first lum- 
bar nerve, after the latter has been joined by the communicating branch from the 
last thoracic nerve, as it is in about 50 per cent. of the cases, and it Xontains fibres of 
both the last thoracic and the first lumbar nerves. It pierces outer border of the 
psoas and crosses in front of the quadratus lumborum (fig. 6 d behind the kid- 
ney and the colon. At the outer border of the quadratusat{\Arces the aponeurosis 
of origin of the transversus abdominis and enters the areaffWt*ssue between the trans- 
versus and the internal oblique, where it frequently AY icates with the last thoracic 
and with the ilio-inguinal nerve, and it divides into a > and a hypogastric branch, 
which correspond, respectively, with the later; anterior branches of a typical 
spinal nerve. The anterior cutaneous (hyp fe alt c) branch passes forwards and 
downwards, between the transversus abdqtnifweMand the internal oblique muscles, 
giving branches to both; it communicates Qh the ilio-inguinal nerve, and, near the 
anterior superior spine of the ilium, it pNrges the internal oblique muscle and con- 
tinues forwards beneath the externalemblique aponeurosis towards the middle line. 
About 2°5 cm. (1 in.) above the su eous inguinal ring it pierces the aponeurosis 
of the external oblique, AO 'utaneous, and supplies the skin above the 


-— 


symphysis. 
The lateral cutaneous Ngt) branch pierces the internal and external oblique 
muscles, emerging thro ! latter above the iliac crest at the junction of its an- 


terior and middle third\(fig. 693). It is distributed to the integument of the upper 
and outer part of thgethigh, in the neighbourhood of the gluteus medius and tensor 
691). 

Nerve arises principally from the first lumbar nerve, but it 
g fibres of the last thoracic nerve. It emerges from the outer 
border of N as, at a lower level than the ilio-hypogastric nerve, and passes across 
the TUN umborum (figs. 688 and 689). As a rule, it is below the level of the 

d 


The Ilio-ing 
frequently qo 


lower e the kidney, but it passes behind the ascending or the descending colon 
accoxzQwk to the side on which it lies, and crosses the posterior part of the inner lip 
f iae crest; it then runs forwards on the upper part of the iliacus, 


Mercés the transversus abdominis near the anterior part of the crest, and com- 
hicates with the anterior cutaneous (hypogastric) branch of the ilio-hypogastric 
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| nerve. A short distance below the anterior superior spine it passes through t^e in- 
| ternal oblique muscle, and then descends in the inguinal canal to the subcutaneous 
| inguinal (external abdominal) ring, through which it emerges into the thigh on the 
| outer side of the spermatic cord (fig. 686). It is distributed to the skin of the upper 
| and inner part of the thigh, in the male to the root of the penis and to the skin of the 
root of the scrotum through the anterior scrotal nerves (fig. 691), and in the 

female to the mons veneris and labium majus through the anterior labial nerves. 
Not uncommonly the ilio-inguinal nerve is blended with the ilio-hypogastric nerve 


Fic. 687.—D1AGRAM OF A ComMON Form or LuMBo-sACRAL Piexus. (Modified from 
Paterson.) 
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psoas it runs downwards on the anterior surface of the muscle (fig. 688), to the outer 
side of the aorta and the common iliae artery, passes behind the ureter and divides 
into two branches, an external spermatic or genital, and a lumbo-inguinal or crural 
(fig. 689). Occasionally it divides in the substance of the psoas, and then the two 
branches issue separately through the anterior surface of the muscle. 

The external spermatic (genital) branch runs downwards on the psoas muscle, 
external to the external iliac artery; it gives a branch to the psoas, and at Poupart’s 
ligament it turns around the inferior epigastric artery and enters the inguinal canal, 
accompanying the spermatic cord in the male or the round ligament in the female. 
It supplies the cremaster muscle, and gives twigs to the integument of the scrotum 
(fig. 689) or the labium majus. 

The lumbo-inguinal (crural) branch passes downwards along the external iliac 
artery and beneath Poupart’s ligament into the thigh, which it enters to the outer side 
of the femoral artery. A short distance below Poupart’s ligament it pierces the fascia 
lata or passes through the fossa ovalis (saphenous opening) and supplies the skin in 
the middle of the upper part of the thigh. A short distance below Poupart’s liga- 
ment it sometimes sends branches of communication to the anterior branch of the 
lateral cutaneous nerve, and about the middle of the thigh it often communicates 
with the cutaneous branches of the femoral (anterior crural) nerve. 

The Lateral Cutaneous Nerve receives fibres from the dorsal branches of the 
anterior primary divisions of the second and third lumbar nerves, and frequently 


some fibres from the first lumbar (fig. 693). It emerges from the outer border of the . 


psoas and passes obliquely across the iliacus behind the iliac fascia, and behind the 
ezecum on the right side and the sigmoid colon on the left side, to a point immediately 
below the anterior superior spine of the ilium, where it passes below Poupart’s liga- 
ment into the outer angle of the femoral’ trigone (Scarpa’s triangle). Leaving the 
trigone at once it passes thr ough, behind, or in front of the sartorius and divides into 
two branches, anterior and posterior, which enter the deep fascia (fig. 689). 

The posterior branch of the lateral cutaneous nerve breaks up into several 
secondary branches which become subcutaneous, and they supply the integument of 
the outer part of the thigh, from the great trochanter to the level of the middle of 
the femur. The anterior branch runs downwards in a canal in the deep fascia, for 
three or four inches, before it becomes subcutaneous. It usuall X divides into two 
branches, an external and an internal. "The external branch XC s the skin of the 
lower half of the outer side of the thigh, and the internal bas ; distributed to the 
skin of the outer side of the front of the thigh as far as the ki AN C 689). Its lower 
filaments frequently unite with the cutaneous brancl the femoral (anterior 
crural), and with the patellar branch of the NC 'e in front of the patella, 
forming with them the patellar plexus. 


The Femoral (Anterior Crural) Nerve i " CN branch of the lumbar plexus. 
It is formed principally by fibres of the « Y of the anterior primary 
divisions of the second, third, and fourth De nerves, but it sometimes receives 
fibres from the first nerve also (figs. 688 an . It emerges from the outer border 
of the psoas a short distance above Pot S kei and descends in the groove 


between the psoas and the iliacus, behind es ligament, into the femoral trigone 
(Scarpa’s triangle), where it lies t outer side of the femoral artery (fig. 690), 
from which it 1s separated by SM fibres of the psoas. In this situation it is 
flattened out and it divides i eries of terminal branches, the superficial and 
the deep. 

Branches.—The brane Ke3 N SS collateral and terminal. 

The collateral brafich S twigs of supply to the iliacus, and a branch to the 
femoral artery; they ar&wfven off before the nerve enters the femoral trigone. 

The terminal 4 hes form two groups, the superficial and the deep. 

The superfi rminal branches are two muscular branches, the nerve to 
the pectineus, e nerve to the sartorius, and two anterior cutaneous branches. 

The NN the pectineus passes inwards and downwards behind the femoral 
ELENA ront of the psoas to the anterior surface of the pectineus, in which 
it ps mi NN 

erve to the sartorius accompanies the middle cutaneous nerve; it leaves 
tey nerve above the sartorius and ends in the upper part of the muscle. 


e anterior (middle and internal) cutaneous nerves are best described sepa- 
SA 


'The middle cutaneous nerve soon divides into two branches, inner and outer. 


sie 
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The outer branch pierces the sartorius and both become cutaneous about the junc- 
tion of the upper and middle thirds of the thigh (figs. 689 and 691). They descend 
along the inner part of the front of the thigh to the knee, supplying the skin in the 
lower two-thirds of the inner part of the front of the thigh, and their terminal fila- 
ments take part in the formation of the patellar plexus. About the middle of the 
thigh it often communicates with the lumbo-inguinal nerve (crural branch of the 
genito-crural nerve). The internal cutaneous nerve runs downwards and inwards 


P] > 


Fic. 688.—LUMBO-SACRAL Piexus. (After Toldt, Atlas of Human Anatomy," Rebman, 
London and New York.) 
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along the outer si Qu. femoral artery, to the apex of the femoral trigone (Scarpa's 
triangle), wh crosses in front of the artery and divides into an anterior and a 
posterior t NS branch. Before this division takes place, however, two or three 
collateral bratythes are given off from the trunk. The highest of these passes through 
the fossa, Avalis (saphenous opening), or it pierces the deep fascia immediately below 
the Scy! , and supplies the skin as low as the middle of the thigh. "The lowest 
pi@gcesWhe deep fascia at the middle of the thigh and it descends in the subcutaneous 
uy. supplying the skin on the inner side of the thigh from the middle of the thigh 
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to the knee (figs. 691 and 693). This nerve frequently varies in size inversely with 
the eutaneous branches of the obturator and saphenous nerves. 
The anterior branch passes vertically downwards to the junction of the middle 


il Fie, 689.—Curanrous NERVES or THE Ricar Tu1cH. (Spalteholz.) 
| (The iliae fascia has been removed, the fascia lata retained.) 
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aw thirds of the thigh, where it pierces the deep fascia. It still continues 
wnwards for a short distance, then it turns outwards and passes to the front of 
knee, where it enters into the patellar plexus. 


i ——————— 
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The posterior branch descends along the posterior border of the sartorius, and it 
gives off a branch which passes beneath that muscle to unite with twigs from the 
saphenous and from the superficial division of the obturator nerve, forming with them 
the subsartorial plexus which lies on the roof of the adductor (Hunter's )eanal. At 
the inner side of the knee the nerve pierces the deep fascia and it descends to the 
middle of the calf (figs. 689 and 691). 

The deep terminal branches are six in number, one cutaneous branch, the 
saphenous, and five muscular branches. The branches radiate from the termination 
of the trunk of the femoral (anterior crural) nerve, and they are arranged in the 
following order from within outward:—the saphenous nerve, the nerve to the vastus 
medialis, the nerve to the articularis genu (subcrureus), the nerve to the vastus inter- 
medius (crureus), the nerve to the vastus lateralis, and the nerve to the rectus femoris. 

The saphenous nerve passes down through Scarpa’s triangle along the outer 
side of the femoral artery. At the apex of the triangleit entersthe adductor (Hunter's) 
canal and descends through it, lying first to the outer side, then in front, and finally 
to the inner side of the artery (fig. 690). After emerging from the lower end of the 
canal, accompanied by the superficial branch of the genu suprema (anastomotic) 
artery, it passes between the posterior border of the sartorius and the anterior border 
of the tendon of the gracilis, and, becoming superficial, it enters into relationship 
with the great saphenous vein and descends with it along the inner border of the upper 
two-thirds of the tibia (fig. 691). It crosses the inner surface of the lower third of the 
tibia, passes in front of the internal malleolus, and runs forwards along the inner 
border of the foot to the ball of the great toe. 

While it is in the adductor (Hunter’s) canal it gives off a twig to the subsartorial 
plexus. Before it passes from under cover of the sartorius it gives off an infra- 
patellar branch, which pierces the sartorius just above the knee and passes outwards to 
the patellar plexus. After it becomes superficial it supplies the integument on the 
inner side of the leg and foot, and it anastomoses, in the foot, with the medial dorsal 
cutaneous branch of the superficial peroneal (musculo-cutaneous) nerve. 

The nerve to the vastus medialis accompanies the saphenous nerve in the 
femoral trigone (Scarpa’s triangle), lying to its outer side. At the upper end of 
the adductor canal it passes beneath the sartorius, external to the roof of the canal, 
and enters the inner surface of the vastus medialis. It sends a twig down to the 

A 


knee-joint. 
The nerve to the articularis genu (subcrureus), usually AU al branch of 
the femoral, frequently arises from the nerve to the vastus int lius. It passes 
between the vastus medialis and the vastus intermedius t ower third of the 
thigh, where it supplies the articularis genu and sends a brag% to the knee-joint. 
'The nerve to the vastus intermedius (crureus) is sented by two or three 
branches which enter the upper part of the muscle. of them frequently sends 


a twig to the knee-joint. 

The nerve to the vastus lateralis passes ©) ards behind the rectus and 
along the anterior border of the vastus Bes Accompanied by the descending 
branch of the external circumflex artery. It4f*sends a branch to the knee-joint. 

The nerve to the rectus femoris (fig. 69M enters the deep surface of that muscle, 
having previously given off a twig to th(to-joint which accompanies the ascending 
branch of the external cireumflex art 

The Obturator Nerve contaj 
third, and fourth lumbar nerves 


from the anterior divisions of the second, 
ts largest root is derived from the third nerve 
(figs. 688 and 693). It some py 'eives fibres from the first and third lumbar nerves. 
It emerges from the inner(bortet of the psoas at the posterior part of the brim of 
the pelvis, where it lies in e relation with the lumbo-sacral trunk of the plexus, 
from which it is sone by the ilio-lumbar artery. Immediately after its exit 
from the psoas it pigydysthe pelvic fascia, crosses the outer side of the internal iliac 


vessels and the . and runs forwards in the extraperitoneal fat, below the 
obliterated hx Ac artery and along the upper part of the inner surface of the 
obturator gfeNQWs to the upper part of the obturator foramen, where it passes 
through thewurator canal below the so-called horizontal ramus of the pubis and 
above t bturator membrane, into the upper part of the thigh. It is accompanied 
in NOY and the obturator canal by the obturator artery, which lies at a lower 
level Athn the nerve, and it divides in the obturator canal into two branches, an 
or and a posterior. 
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The anterior branch forms a communication with the accessory obturator 
nerve, if that nerve is present, and then descends behind the pectineus and adductor 
longus and in front of the obturator externus and adductor magnus muscles 
(fig. 690). Its branches are:— 

1. A communicating twig to the accessory obturator nerve if the latter is present. 

2. An articular branch to the hip-joint. 

3. Muscular branches to the gracilis, adductor longus, and, usually, to the 
adductor brevis. 

4. Two terminal branches, of which one is distributed to the femoral artery 
and the other communicates with the subsartorial plexus. The subsartorial branch 


Fra. 690.—ANTERIOR CRURAL AND OBTURATOR Nerves. (Ellis.) 
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is occasionally | han usual, and it then descends, along the posterior border of 

the sartorius, fc inner side of the knee, where it enters the subcutaneous tissue, 

and, proc downwards, supplies the skin on the inner side of the leg as far | 
as the mg the calf. It anastomoses with the saphenous. 


The p rior branch (fig. 690) pierces the upper part of the obturator externus 
and pases downwards between the adductor brevis and adductor magnus. Its 


| 
i db are:— 
“Muscular branches to the obturator externus, the oblique fibres of the 
Qi 


| ductor magnus, and to the adductor brevis when the latter is not entirely sup- 

| * A? | 
S 
NN 
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plied by the superficial branch. The branch to the obturator externus is given off in 


the obturator canal. 


2. An articular branch to the knee-joint which appears in some cases to be 
the continuation of the trunk of the posterior branch (fig. 690). It either pierces 
the lower part of the adductor magnus, or it passes through the opening for the 
yee artery. In the popliteal space it descends on the popliteal artery to the 

back of the joint, where it pierces the posterior ligament, and its terminal filaments 
are distributed to the crucial ligaments and the structures in their immediate neigh- 
bourhood. .This branch is not uncommonly absent. Occasionally the posterior 
branch of the obturator nerve also supplies a twig to the hip-joint. 

The Accessory Obturator Nerve arises from the third or fourth or from the third 
and fourth lumbar nerves, in the angles between the roots of the femoral (anterior 
crural) and obturator nerves. It is present in about ten per cent. of the cases 
examined. It is often closely associated with the obturator nerve to the level of the 


Fia. 691.—DisTRIBUTION OF CUTANEOUS NERVES ON THE POSTERIOR AND ANTERIOR 
ASPECTS OF THE INFERIOR EXTREMITY. 
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brim of the pelvis, but 3 of passing through the obturator foramen, it descends 
along the inner ihe pane 1e psoas, crosses the anterior part of the brim of the pelvis, 
passes beneath the eus, and terminates in three main branches. One of these 
branches joins ae division of the obturator nerve, another supplies the 
pectineus, ang Sd is distributed to the hip-joint. 


. THE LuMBO-sACRAL TRUNK 


N k usually formed by the union of the smaller part of the fourth and the 
ue h lumbar nerves is called the lumbo-sacral trunk (figs. 688, 693). Some- 


abe 


the larger part of the fourth nerve may help to form the trunk. It may re- 


| 
| 
| 
| 


944 THE NERVOUS SYSTEM 


ceive fibres from the third lumbar nerve or be formed entirely from the fifth. At its 
formation it is situated on the ala of the sacrum under cover of the psoas. It de- 
scends into the pelvis, and, as it crosses the anterior border of the ala of the sacrum, it 
emerges from beneath the psoas at the inner side of the obturator nerve, from which 
it is separated by the ilio-lumbar artery. It passes behind the common iliac vessels 
and unites with the first and second sacral nerves, forming with them the upper 
trunk of the sacral plexus. 


SACRAL NERVES 


The anterior primary divisions of the upper four sacral nerves enter the pelvis 
through the anterior sacral foramina and they diminish in size progressively from above 
downwards. The first sacral is the largest of the spinal nerves, the second is slightly 
smaller than the first, while the third and fourth are relatively small. The fifth 
sacral nerve is still smaller than the fourth; it enters the pelvis between the sacrum 
and the coecyx. The anterior divisions of these nerves enter into the formation of 
three parts of the lumbo-sacral plexus, the sacral, pudendal, and coccygeal. 


SACRAL PLEXUS 


The sacral plexus shows in its formation variations similar to those of the lumbar 
plexus; hence there are also seven types of this plexus, three of them belonging to the 
prefixed or proximal class, three to the postfixed or distal class, and one to the 
ordinary class. The following tables show the range of variation and the common 
arrangement in these classes:— 


CoMPOSITION OF THE NERVES OF THE SACRAL PLEXUS 
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The S of sacral plexus is commonly formed by the smaller part of the 
anterior &Wsion of the fourth lumbar nerve and the entire anterior division of the 
fifth lunbar nerve, together with the first and parts of the second and third sacral 


ie Wee 1, 2,38. 2,3 S. 


> 
e plexus lies in the pelvis on the anterior surface of the piriformis (fig. 692) and 
ind the pelvic fascia and the branches of the hypogastric (internal iliac) artery. 
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It is also behind the coils of intestine, the lower part of the ilio-pelvie colon lying in 
front of the left plexus, and the lower part of the ileum in front of the right plexus. 

The branches given off by this plexus are:—collateral, visceral, cutaneous, and 
muscular. 

'The collateral branches are visceral, muscular, and eutaneous offsets. 

Visceral Branches are given off from the second, third, and fourth sacral nerves 
to the pelvic viscera. Both the collateral and visceral branches of the plexus are 
relatively small and are seldom given special names. 


Fra. 692.—LuMBo-saACRAL Piexus. (After Toldt, “Atlas of Human Anatomy," Rebman, 
London and New York.) 
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oe We e sciatic nerve (fig. 694). At the lower border of the gluteus maximus it 

S ind the long head of the biceps femoris, and descends, immediately be- 
the deep fascia, through the thigh and the upper part of the popliteal space 
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(fig. 691). At the lower part of the popliteal region it perforates the deep fascia, and 
it terminates in branches which are distributed to the skin of the calf. 

Branches.—1. Perineal branches are distributed in part to the skin of the upper 
and inner sides of the thigh on its dorsal aspect. Oné of the branches, known as the 
long pudendal nerve, runs forwards and inwards in front of the tuberosity of the 
ischium to the lateral margin of the anterior part of the perineum, where it perforates 
the fascia lata and Colles' fascia and enters the anterior compartment of the perineum. 
It communieates in the perineum with the superficial perineal nerves, and its terminal 1 
filaments are distributed to the skin of the scrotum in the male, and to the labium 
majus in the female. 

2. Inferior clunial (gluteal) branches, two or three in number, are given off 
beneath the gluteus maximus; they turn around the lower border of this muscle and 
are distributed to the skin of the lower and outer part of the gluteal region. 

3. Femoral cutaneous branches are given off as the nerve descends through the 
thigh. They perforate the deep fascia and are distributed to the skin of the back of 
the thigh, especially on the inner side. 

In ease of the separate origin of the tibial (internal popliteal) and common peroneal 
(external popliteal) nerves, the posterior femoral cutaneous also arises from the sacral 
plexus in two parts. The ventral portion descends with the tibial nerve below the 1 
piriformis and gives off the perineal branches and inner femoral branches, while the | 
dorsal portion passses through that muscle with the common peroneal nerve, and 
furnishes the gluteal and outer femoral branches. 

(b) The inferior medial clunial (perforating cutaneous) nerve arises from the 
posterior portion of the second and third sacral nerves (figs. 692, 693). It perforates 
the lower part of the sacro-tuberous (great sciatic) ligament, turns around the in- 
| ferior border of the gluteus maximus, and is distributed to the skin over the lower 

and inner part of that muscle. It is sometimes associated at its origin with the pudic ? 
| nerve. It is not always present. Its place is sometimes taken by a small nerve 
(the greater coccygeal perforating of Eisler), arising from the third and fourth or fourth : 
and fifth sacral nerves, and sometimes it is represented by a branch of the pos- 
terior femoral cutaneous (small sciatic). 

Muscular Branches.—(a) One or two small nerves to the piriformis pass from 
the posterior divisions of the first and second sacral nerves. 
| (b) The superior gluteal nerve receives fibres from the posteur branches of the 
| fourth and fifth lumbar, and the first sacral nerves. It passes AN te pelvis through 

the great sciatic foramen, above the upper border of the ping is, and it is accom- 
panied by the superior gluteal artery. As soon as it enter uttock it divides into 
two branches, an upper and a lower. 

1. The upper branch is the smaller. It accoy 
deep division of the superior gluteal artery below 
and it ends entirely in the gluteus medius (fig,"eQ 

2. The lower branch, larger than the uy ber) passes forwards across the middle Í 
of the gluteus minimus, with the lower brSanch" 6t the gluteal artery; it supplies the + 
gluteus medius and the gluteus minimus it ends in the inner and posterior part 
of the tensor fasciz late. © | 

(c) The inferior gluteal nerve 
of the fifth lumbar, and the first 
great sciatic foramen, below th 
which end in the gluteus maf 

(d) The nerve to the 


oe 


(y ts the upper branch of the 
ddle curved line of the ilium, 


rmed by fibres from the posterior branches 
second sacral nerves. It passes through the 
rmis, and divides into a number of branches | 
(figs. 692, 693). | 
atus femoris is formed by the anterior branches of 

the fourth and fifth lufhbafnd the first and second sacral nerves. It lies on the 

front of the plexus andWasles from the pelvis below the piriformis. In the buttock | 
it lies at first betwe he sciatic nerve and the back of the ischium, and, at a lower | 


level, between the. Qytefrator internus with the gemelli and the ischium. It terminates 
in the anterior sWfJce of the quadratus femoris, having previously given off a branch 
to the hip-jou ad another to the inferior gemellus. 


(e) e to the obturator internus is formed by the anterior branches | 
of the fif imbar, and the first and second thoracic nerves (figs. 692 and 693). It | 


Ve pelvis below the piriformis, and crosses the spine of the ischium on the outer by 
e internal pudic artery and on the inner side of the sciatic nerve. It givesa | 


into the perineum, where it terminates in the inner surface of the obturator 


A? ernus. 


. . . | 

to the gemellus superior, and turns forwards through the small sciatic fora- | 
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The sciatic nerve (n. ischiadicus).— The sciatic is not only the largest nerve 
: of the sacral plexus, but it is also the largest nerve in the body. Its terminal 
branches are chiefly muscular, though some of its fibres are cutaneous. Although 
it is referred to as one trunk, it consists in reality of peroneal (external) and tibial 
(internal popliteal) portions, which are bound together by a sheath of fibrous tissue 
as far as the upper end of the popliteal space. In about 10 per cent. of the cases the 
i two parts remain separate, and in such cases the peroneal (external popliteal) part 
j usually pierces the piriformis. The peroneal portion of the nerve consists of fibres 
derived from the dorsal branches of the anterior primary divisions of the fourth and 


4 fifth lumbar and the first and second sacral nerves, while the tibial part is formed 
P 
Fic. 693.—A DISSECTION oF THE LUMBAR AND SACRAL PLEXUSES, FROM BEHIND 
| (The anterior crural nerve is placed between the external cutaneous and obturator nerves.) 
i 
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by the fibres iam aN? nterior branches of the fourth and fifth lumbar, and the first, 
second, and th cral nerves (figs. 692, 693). The common trunk leaves the 
pelvis by ON through the great sacro-sciatic foramen, below the piriformis, 
and desc 'ough the buttock, running midway between the tuber ischii and 
the grea N anter (fig. 694). Passing down the thigh, it terminates at the upper 


i angle 1e popliteal space by dividing into the common peroneal (external popli- 


NE he tibial (internal popliteal) nerves (fig. 695). The trunk of the nerve 
HA, d 


ply in the thigh, and it is covered posteriorly by the skin and fascia, the 
us maximus and the long head of the biceps femoris. Anteriorly it is in 
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relation, from above downward, with the following structures:—the posterior sur- 
face of the ischium and the nerve to the quadratus femoris, the gemellus superior, 
obturator internus, gemellus inferior, quadratus femoris, and adductor magnus 
muscles. 

Muscular branches are given off at the upper part of the thigh to the semi- 
tendinosus, to the long head of the biceps femoris, to the semimembranosus, and to 
the adductor magnus, and, about the middle of the thigh, a branch is furnished to the 
short head of the biceps. The branch to the short head of the biceps is derived from | 
the peroneal (external popliteal) portion of the nerve, while all the other muscular 
branches are given off by the tibial (internal popliteal) part. The semitendinosus 
receives two branches, one which enters it above and another which passes into it ! 
below its tendinous intersection. The nerve to the long head of the biceps descends 


along the sciatic trunk and enters the middle of the deep surface of the muscle. | 
The nerves to the semimembranosus and adductor magnus arise by a common 
trunk which divides into three or four branches. One branch ends in the adductor, 
and the others are distributed to the semimembranosus. The branch to the adductor t 


Fra. 694.—A DISSECTION oF THE NERVES IN THE GLUTEAL REGION. 


(The gluteus maximus and gluteus medius have been divided near their insertions, and thrown 
upwards.) l 
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magnus supplies only those fibres of ©) cle which begin from the tuberosity of the 
ischium and descend vertically to, ernal condyle of the femur. 

At the apex of the poplitea e the two component parts of the common trunk 
of the sciatic become qin) he tibial nerve (internal popliteal), formed by 
fibres from the anterior iQ S of the fourth and fifth lumbar and first, second; and 
third sacral nerves, pass@w#ertically through the popliteal space, descends through 
the leg to a point ie M between the internal malleolus and the most prominent 
part of the inner t of the os calcis, where it divides into its terminal branches, 
the /ateral plant, the medial plantar nerves. The part of the nerve from the 


point of bif NN to the lower border of the popliteus muscle is sometimes called 
the NS | | 
LONGER 


— has. 


eal; the part of the nerve in the back of the leg being then designated 
the poster ial nerve. In the upper part of the popliteal space the tibial (internal 


poplit nerve lies relatively superficially, being covered dorsally by the skin and as 
pore | le in the lower part of the space it is overlapped by the heads of the 

trowhemius and is crossed by the plantaris. In the upper part of the space it lies mit 
nt of the posterior femoral cutaneous (small sciatic) nerve and to the outer 
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a 


side of the vein and artery; at the middle of the space it is behind and in the lower 
part of the space it is internal to both of them. 

The branches given off by the tibial nerve Zn the popliteal space are articular, 
cutaneous, and muscular. 

The articular branches are usually three in number, a superior and an inferior 
internal articular and an azygos articular. They accompany the corresponding ar- 

| teries, and, after piercing the ligaments, are distributed in the interior of the joint. 

The superior branch is often wanting. 

The cutaneous branch, the medial sural cutaneous (tibial communicating) nerve, 


1 descends between the heads of the gastrocnemius, beneath the deep fascia, to the 
middle of the calf, where it pierces the fascia and unites with the peroneal anastomotic 
| ‘branch of the lateral sural cutaneous to form the sural (external saphenous) nerve, 


through which its fibres are distributed to the skin of the lower and back part of the 
leg and the outer side of the foot. 

f The muscular branches are distributed to both heads of the gastrocnemius, to 
the plantaris, soleus, and popliteus. The nerve to the soleus is relatively large, and 
passes between the outer head of the gastrocnemius and the plantaris before it 
reaches its termination (fig. 695). The nerve to the popliteus descends on the pos- 
terior surface of the muscle, turns around its lower border, and is distributed on its 
anterior aspect. In addition to supplying the popliteus, it gives articular branches 
to the knee and superior tibio-fibular joints, a branch to the tibia which accompanies 
the medullary artery, and a long, slender twig which gives filaments to the anterior ' 
and posterior tibial arteries, and it descends asthe interosseous crural nerve (Hal- 

| bertsma) on the interosseous membrane to the inferior tibio-fibular joint. It also 
gives branches to the interosseous membrane and to the periosteum of the lower 

f part of the tibia. 

In the upper part of the leg the tibial nerve is placed deeply, under cover of the 
gastrocnemius and soleus, but in the lower half it is merely covered by the deep 
fascia, which is thickened between the internal malleolus and the calcaneus to form 
the laciniate (internal annular) ligament, and the termination of the nerve lies either 


i under cover of this ligament, or under the origin of the abductor hallucis. The an- 
| terior relations of the nerve are, from above downwards, the tibialjs posterior, the 


flexor digitorum longus, the lower part of the tibia, and the rior ligament 

of the ankle-joint. For a short distance after its commencemen ngrve lies to the 

inner side of the posterior tibial artery; then it crosses behi: artery and runs 
i downwards along its outer side. 

The branches of the lower part of the tibial nerve 
are likewise muscular, cutaneous, and articular. 
muscles of the back of the leg, to the fibula, to the s 
the ankle-joint. Several of the terminal branches 
special names and special treatment. 


ww the popliteal space) 
j*e supplied to the deep 
yf the heel and foot, and to 
important enough to receive 


N The muscular branches pass from the @pp®*part of the nerve to the tibialis 
: posterior, flexor digitorum longus, soleus, flexor hallucis longus. The fibular 
| branch arises with the nerve to the flexor ucis longus, and accompanies the per- 


oneal artery. It supplies the periode pne gives filaments which accompany the 
medullary artery. 

The articular branches arise 

i its terminal branches, and tl NY 
ligament. ENS 

The medial calcane caneo-plantar cutaneous) nerves arise from the 

trunk of the tibial nervAinJthe lower part of the leg. They pierce the laciniate 

(internal annular) liggment, and are distributed to the integument of the inner side 

and under surface ee eel and the adjoining part of the sole of the foot (fig. 695). 

The medial ff ar nerve is the larger of the two terminal branches of the 

tibial nerve. l4 fmences under cover of the lower border of the laciniate (internal 


1 annular) li NN , or under the posterior border of the abductor hallucis, and 
passes TON s, accompanied by the small internal plantar artery, in the inter- 


e lower part of the nerve, immediately above 
ss into the joint through the internal lateral 


j musculaw septum between the abductor hallucis and the flexor digitorum brevis. 
Tm At tl Idle of the length of the foot it becomes superficial, in the interval be- 


tye the two muscles, and divides into four sets of terminal branches (fig. 696) :— 
a) Branches.— Muscular branches pass from the trunk of the nerve to the ab- 
or hallucis and the flexor digitorum brevis. 
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(b) Articular branches are distributed to the talo-navicular (astragalo-scaphoid) 
and the naviculari-cuneiform joint. 


Fic. 695.—MuscLe NERVES oF THE RIGHT LEG, VIEWED FROM BEHIND. (Spalteholz.) 
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Dore cutaneous branches are supplied to the skin of the inner part of the 
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Q d) The digital branches are four in number, the first, a proper plantar digital, 
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the second, third, and fourth, common plantar digitals. Near the bases of the 
metatarsal bones, the second, third, and fourth divide into proper plantar digital 
nerves. The first proper plantar digital nerve becomes subcutaneous farther back 
than the others, and, after sending a branch to the flexor hallucis brevis, passes to the 
inner side of the great toe. The second (common digital) nerve gives a twig to the 
first lumbrical and bifurcates to supply the adjacent sides of the first and second toes. 
The third supplies the adjacent sides of the second and third toes, and the fourth, 
after communicating with the superficial branch of the lateral plantar nerve, 
divides to supply the adjacent sides of the third. and fourth toes. All the proper 


Fig. 696.—SvPERFICIAL NERVES IN THE SOLE OF THE Foor.  (Ellis.) 
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* 
digital nerves run < Cos sides of the toes and lie below the corresponding arteries; 
they supply the j of the toes, and each gives off a dorsal branch to the skin over 
the second aitdX&eNninal phalanges and to the bed of the nail. All of them are con- 
nected wi NN rous Pacinian corpuscles. 
The IN Plantar Nerve is the smaller of the two terminal branches of the 


tibial eive. It commences at the lower border of the laciniate (internal annular) 


liga "br under cover of the origin of the abductor hallucis, and passes forwards 
ad Ow wards to the base of the fifth metatarsal bone, where it divides into a super- 


and a deep branch (fig. 696). As it runs forwards and outwards it is superficial 
he tendon of the flexor hallucis longus and to the quadratus plante (flexor 
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accessorius), and deep to the flexor digitorum brevis. At its termination it lies in 
the interval between the flexor digitorum brevis and abductor digiti quinti. 

Branches.— From the trunk of the lateral plantar nerve muscular and articular 
branches are given off. 

The muscular branches arise from the commencement of the nerve and are dis- 
tributed to the abductor digiti quinti and quadratus plante. 

The articular branches supply the caleaneo-cuboid joint. 

The superficial branch supplies muscular filaments to the flexor digiti quinti 
brevis, the third plantar and fourth dorsal interosseous muscles, and divides into two 
common plantar digital nerves, each of which subdivides to form proper plantar 
digital nerves. The outer of the two branches supplies the outer side of the fifth 
digit; the inner communicates with the outer digital branch of the medial plantar 
nerve (fig. 696) and divides into proper plantar digital nerves for the adjacent sides 
of the fourth and fifth digits. The digital branches of the superficial division of the 
lateral plantar, like those of the medial plantar, supply the skin of the toes and the beds 
of the nails, and are associated with numerous Pacinian corpuscles. 

The deep branch passes forwards and inwards into the deep part of the sole with 
the plantar arterial arch. It runs deep to the quadratus plants, the long flexor 
tendons and the lumbricals, and the oblique adductor of the great toe. It lies, there- 
fore, immediately beneath the bases of the metatarsal bones and it supplies the fol- 
lowing muscular and articular branches:— 

Muscular branches to the outer three lumbricals, the interossei of the inner 
three inter-metatarsal spaces, and the transverse and oblique adductor muscles 
of the great toe. ; 

Articular branches to the intertarsal and to the tarso-metatarsal joints and not 
uncommonly to the metatarso-phalangeal joints also. Filaments from the deep 
branch frequently pass through the interosseous spaces and communicate with 
the interosseous branches of the deep peroneal (anterior tibial) nerve. 

The Common Peroneal (External Popliteal) Nerve.—At the apex of the pop- 
liteal space, where the two component parts of the sciatic trunk usually become 
distinct, the external portion receives the name n. peroneus communis. It descends 
along the posterior border of the biceps femoris, which forms the upper part 
of the outer boundary of the space (fig. 695). It leaves the spac& at the external 
lateral angle, crosses the plantaris, the outer head of the ga Nis the pop- 
liteus, and the inferior external artery, and descends behind.{ygYupper part of the 
soleus, to the neck of the fibula, where it turns forwards be the peroneus longus 
and the bone, and breaks up into its three terminal brangfag Nhe recurrent articular, 
the superficial peroneal (musculo-cutaneous), and the peroneal (anterior tibial) 
nerves (fig. 697). NS 

Upper branches.— While it is inthe popliteal spè Ye peroneal (external popliteal) 
nerve gives off two articular branches and a co GM branch. The upper articular 
branch accompanies the superior externalear ar artery. The lower articular 
branch passes down with the trunk of the frve, across the plantaris and the outer 
head of the gastrocnemius, and it joins ower external articular artery behind 
the tendon of the biceps femoris. Botgshe' upper and lower articular branches pierce 
the ligaments and are distributed ir Jhterior of the joint. 

The cutaneous branch (c cans fibularis), lateral sural cutaneous, is 
extremely variable both as t fyumber of its branches and as to the place of its 
anastomosis with the medi: i cutaneous. Leaving the common peroneal (ex- 
ternal popliteal) in the C il space, it descends between the deep fascia and the 


external head of the gas&ocijemius to the middle of the calf, where it pierces the fascia 
and unites with the wedi%f sural cutaneous to form the sural (external saphenous) 
nerve. In its contia give off no branches; or it may give off several, some 
dàn of the back of the leg, while one of them, the peroneal 
anastomotic 4D ” unites with the medial sural cutaneous to form the sural (short 
saphenous The junction of the peroneal anastomotic branch with the 
medial rai, aneous may take place at any point between the popliteal space and 
the lower tNrd of the leg. 

ral (external or short saphenous) nerve is formed by the union of the 
al cutaneous nerve either directly, or through a communicating branch, 


of which supply 


peroneal anastomotic, with the medial sural cutaneous (fig. 695). It descends 
g the outer border of the tendo Achillis, giving branches to the lower and outer 


| 
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part of the leg, and lateral calcaneal branches to the outer side of the heel. It 
passes behind the external malleolus, turns forwards across the lateral surface of the 
cruciate (external annular) ligament, and becomes the lateral dorsal cutaneous nerve. 
Continuing along the outer side of the foot it divides into two branches, the dorsal 


Fig. 697.—DIstTRIBUTION OF THE SUPERFICIAL AND DEEP PERONEAL NERVES ON THE ANTERIOR 
AsPECT OF THE LEG AND ON THE DonsuM OF THE Foor. (Hirschfeld and Leveillé.) 
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digi e of which supplies the outer side of the fifth digit, while the other an- 
agtomses “with or takes the place of a branch of the superficial peroneal (musculo- 
e eous) nerve, which is distributed to the adjacent sides of the fourth and fifth 


s (fig. 697). 
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The recurrent articular nerve passes inwards, around the neck of the fibula, 
and through the upper part of the origin of the extensor digitorum longus. At 
the inner border of the fibula it becomes associated with the anterior tibial 
recurrent artery, with which it ascends through the upper part of the tibialis 
anterior to the head of the tibia and the knee-joint. It supplies the tibialis anterior, 
the superior tibio-fibular joint, and the knee-joint. 

The terminal branches.— The superficial peroneal (musculo-cutaneous) 
nerve arises from the common peroneal between the peroneus longus and the neck 
of the fibula and descends in the intermuscular septum between the long and short 
peronei on the outer side, and the extensor digitorum longus on the inner side. It 
gives off muscular and cutaneous branches in its descent, and at the junction of the 
middle and lower thirds of the leg it pierces the deep fascia and divides into an 
internal and an external branch (fig. 697). 

Branches.—Muscular branches are given off to the peroneus longus and 
peroneus brevis before the nerve pierces the deep fascia. 

Cutaneous branches pass from the trunk of the nerve to the skin of the lower 
part of the front of the leg. 

The internal cruciate branch, the medial dorsal cutaneous, passes downwards 
and inwards across the upper and lower bands of the dorsal digital (anterior annular) 
ligament of the ankle and subdivides into two branches. The inner branch passes to 
the inner side of the great toe; it also supplies twigs to the skin of the inner side of the 
foot, and it anastomoses with the deep saphenous nerve and with the internal ter- 
minal branch of the deep peroneal (anterior tibial) nerve. The outer branch passes 
to the base of the cleft between the second and third toes and divides into two 
dorsal digital branches which supply the adjacent sides of the cleft. 

The external branch (intermediate dorsal cutaneous), in separating from 
the internal branch, crosses in front of the upper and lower bands of the cruciate 
ligament and divides into two dorsal digital branches, which pass beneath the dorsal 
venous arch. The inner of these branches supplies the adjacent sides of the third 
and fourth toes (fig. 697). The outer branch communicates with the sural (external 
saphenous) nerve and is distributed to the adjacent sides of the fourth and fifth 
toes. This latter branch is frequently replaced by the sural nerve. 

The deep peroneal (anterior tibial) nerve springs from ins enq of the common 
peroneal (external popliteal) nerve between the peroneus p NN le and the neck 
of the fibula. It passes forwards and inwards through the up XN r8 of the origin of 
the extensor digitorum longus, to the interval between that ic and the-tibialis 
anterior; then it descends, in the anterior compartmer he leg, to the ankle, 
where it divides into an inner and an outer terminal b: iXfig. 697). In the upper 
part of the leg the nerve lies between the extens xO orum longus and tibialis 
anterior and to the outer side of the anterior C iei In the middle of the leg 
it is in front of the artery and between the M dn iallueis longus and tibialis an- 
terior; then it crosses beneath the Wade a ud cS Xnd in the lower third of the leg 
it is again to the outer side of the artery, budQetween the extensor hallucis longus and 
the extensor digitorum longus. 

Branches furnished from the trugk the nerve are muscular, articular, and 


terminal 
The muscular branches sup LOY tibialis anterior, extensor digitorum longus, 
extensor hallucis longus, and J% usAertius. 

Articular filaments are to the ankle-joint and the inferior tibio-fibular 
articulation. 

Terminal branches(— BÓ inner terminal branch passes downwards along the 
side of the dorsalis pediSseftery and divides into two dorsal digital branches which 
supply the adjacern« Qu of the first and second toes. It also gives filaments to the 
periosteum of th Ne nt bones, to the metatarso- phalangeal and interphalangeal 
articulations, a to the dorsal interosseous muscle of the first space, and a per- 
forating twig we communicates with the lateral plantar nerve. 

The MN minal branch passes outwards, beneath the extensor digitorum 
brevis, ¢ NY ends in a gangliform enlargement from which branches are distributed 
to theagXtensor digitorum ‘brevis, the tarsal joints, and to the three outer inter- 
NE spaces. The latter branches supply the neighbouring bones, periosteum, 

d }wints. They give off perforating twigs, which pass through the spaces and 


stomose with branches of the lateral plantar nerve, and the innermost also gives 
twig to the second dorsal interosseous muscle. 
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TABLE SHOWING ORDINARY RELATIONS OF LUMBAR AND SACRAL NERVES TO 
BRANCHES OF LUMBAR AND SACRAL PLEXUSES AND TO THE Pupic NERVE 
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TABLE SHOWING RELATIONS or MUSCLES or LOWER EXTREMITY TO NERVES OF 
LUMBAR AND SACRAL PrExusEs—(Continued) 
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PUDENDAL PLEXUS 


The pudendal plexus, like the parts of the lumbo-sacral plexus already described, 
varies in its formation. The accompanying tables show the extreme range of varia- 
tion and the common method of formation of the large nerve of this plexus in each 
of the three classes. 


COMPOSITION OF THE NERVES OF THE PUDENDAL PLEXUS 
RANGE OF VARIATION 


NERVE. P ROXIM. AT) ORDINARY. DISTAL. 
POG nerver a Pee tare 12,3, 4,58: 1; 2,.874:5; 2,9,4, 58. 
CoMMON ues 
NERVE. PROXIMAL. ORDINARY. DISTAL. 

PUGIE TGEVOE SAU SCC PU PE 2,9 S. 2, 9, 458. 3,45. 


The pudendal plexus is commonly formed by part of the anterior divisions of the 
second, third, and fourth sacral nerves. It lies in the lower part of the back of the 
pelvis, ‘aid gives off visceral, muscular, and terminal branches. 

Visceral branches (pelvic splanchnics) arise from the third and fourth sacral 
nerves especially, and communicate with branches of the sympathetic plexus. 
They are distributed either directly or through this plexus to the ric viscera (figs. 
688, 692, 693). The middle hemorrhoidal nerves pass to th&q tul, the inferior 
vesical nerves to the bladder, and, in the female, the vaginqpy rves to the vagina 
(see SYMPATHETIC SYSTEM). 

Muscular branches are given by the fourth sacral ng&ée%o the coccygeus, levator 
ani, and sphincter ani externus (figs. 688, 692). 

The nerves to the two former muscles pass into SS vic surfaces of the muscles, 
but that to the last named muscle, called the pyri branch, passes backwards be- 
tween the levator ani and the coccygeus, or. tl h the posterior fibres of the latter 
muscle, into the posterior part of the iscl~o-reCtal fossa, and, in addition to sup- 
plying the sphincter ani, it gives beens ‘laments to the skin between the anus 
and the coccyx. 

Terminal branches.— The pud 
anterior primary divisions of the s 


rve (n. pudendus) rises usually from the 
d, third, and fourth sacral nerves (fig. 692). 
It emerges from the pelvis bek iriformis, crosses the spine of the ischium, 
lying to the inner side of “Cp al pudie artery (fig. 693), and accompanies the 
artery, through the small se oramen, into Alcock's canal in the obturator fascia 
on the outer wall of the M ectal fossa, where it terminates by dividing into three 
branches, the inferior h: hoidal, the perineal, and the dorsal nerve of the penis. 
The inferior x rhoidal nerves frequently arise independently from the 
third and fourth @) nerves, pierce the inner wall of Aleock’s canal, and pass for- 
wards and inwag e led the ischio-rectal fat to supply the sphincter ani externus 
and adjacent | They : anastomose with branches of the perineal nerve. 
The peN nerve runs forwards for a short distance in Alcock’s canal and 
divides int Su and a superficial branch. The deep branch breaks up into fila- 


ments,,oNe or two of which pierce the inner wall of the canal and pass inwards to 
the riyr fibres of the sphincter and levator ani. The remaining part of the nerve 
he he base of the uro-genital trigone (triangular ligament), and enters the super- 


pouch of the urethral triangle, where it is distributed to the bulb of the urethra, 
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and to the transversus perinei, bulbocavernosus, and ischiocavernosus. It also 
sends some filaments to supply the mucous membrane of the urethra. The super- 
ficial branch almost at once divides into external and internal branches, the posterior 
scrotal (labial) nerves. Both branches pass through the wall of Aleock's canal into 
the anterior part of the ischio-rectal fossa, then they pierce the base of the uro-genital 
trigone, and enter the superficial pouch of the urethral triangle. The external 
branch usually passes below the transversus perinei, and the internal branch above 
the muscle or through its fibres. The external branch communicates with the long 
pudendal nerve, and with the inferior hzemorrhoidal nerye, and both branches end 
in terminal filaments which anastomose and which are distributed to the skin of the 
serotum and the anterior part of the perineum in the male, and to the labium majus 
in the female. 

The dorsal nerve of the penis runs forwards in Alcock's canal above the internal 
pudie artery. It pierces the base of the uro-genital trigone, continues forwards be- 
tween the layers of the trigone, embedded in the fibres of the constrictor urethra, and 
it gradually passes to the outer side of the internal pudie artery. A short distance 
below the pudie arch it pierces the anterior layer of the uro-genital trigone, gives a 
branch to the corpus eavernosum penis, passes forwards between that structure and 
the bone, and turns downwards on the dorsum of the penis, passing between the 
layers of the fundiform (suspensory) ligament and along the outer side of the dorsal 
artery of the penis. It supplies the skin of the dorsum of the penis, and, having 
given branches to the prepuce, it breaks up into terminal filaments which are dis- 
tributed to the glans penis. 

The dorsal nerve of the clitoris is much smaller than the dorsal nerve of the 
penis to which it corresponds. It is distributed to the clitoris. 


THE COCCYGEAL PLEXUS 

This plexus is frequently, and with some reason, considered as a subdivision of 
the pudendal plexus, and sometimes it is described with the coccygeal nerves. It is 
formed chiefly by the anterior division of the fifth sacral nerve and the coccygeal 
nerve, but it receives a small filament from the anterior division of the fourth sacral 
nerve (figs. 688, 692, 693). These constituents unite to form plexiform cords 
lying on either side of the coccyx. From these cords arise ingado-coceygeal 
nerves, which pierce the sacro-tuberous (great sacro-sciatic) LL and supply 
the skin in the neighbourhood of the coccyx. Q 


THE CRANIAL NEE 


Twelve pairs of cranial nerves are usually ew d, though there is reason for 
considering the nerves of the seventh and qagh airs as composed each of two 
nerves, and the nerves of the eleventh pair 332WQeing merely parts of the tenth pair. 
The twelve are numbered from in front bad rds. Their numbers, corresponding 
names, and functional nature are given isthe following table:— 


NUMBERS. Oye NATURE. 
T 5t n ER oa eive p ied Qy actory sensory 


Mag TE E N < -Optic sensory 
LED S pac so, HO EY Q`- . -Oculomotor motor 
INDE AE os Ç) px ER Trochlear or patheticus motor 
Wate ant ea E U oe da a des Trigeminal or trifacial mixed 
MIU Mr Sei hs ices C ipei oe Cof Abducens motor 
NUES ees sd c AX M Sa ax octet Facial (Facial and Intermedius) mixed 
O Cochle- 
. S y 
MEETER N E E ETT Auditory (Acusticus) Vestibu- sensory 
laris 
EX bru. Lo Né caes ros pede Glosso-pharyngeal mixed 
X i CIA URIS oY A E Aa aes Vagus or pneumogastric mixed 
SO EC Lors speso, Ha ote ions cis Dna TL SPCOESOES motor 
2 is dS tS d aen Dea M i cc uas cdd porta] motor 


958 THE NERVOUS SYSTEM 


The cranial nerves, like the spinal nerves, are developed from cells of the primitive 
neural tube and, beginning with the fifth pair downwards, all the sensory nerves are 
developed from the cells of the neural crest like the sensory components or dorsal 
roots of the spinal nerves. Otherwise between the cranial nerves and the spinal 
nerves there are many important differences. Each spinal nerve has a dorsal or 
sensory root, which springs from the cells of a spinal ganglion; a ventral or motor 
root, whose fibres are processes of the nerve-cells which are situated in the walls of 
the central system, and at their attachment to the surface of the cord the two roots 
are some distance apart. , Only two cranial nerves correspond at all closely with 
typical spinal nerves; they are the fifth and the seventh nerves, each of which possesses 


Fic. 698.—Surrace ATTACHMENT OF THE CRANIAL Nerves. (After Allen Thomson, 
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a sensory ganglionaG@yand a motor non-ganglionated root. But even in these cases, 
where the similay3 tween the cranial and spinal nerves is greatest, there are still 
points of RAN , which if not essential are very obvious, for in the case of the 
fifth cranis the motor root unites not with the whole but only with one branch 
of the se SS. In both cases the motor and sensory roots are only slightly 
separate Ng m each other at their attachment to the surface of the brain. All the 
other qgXnial nerves differ in a still more marked manner from typical spinal nerves. 
‘Et stynerve is an afferent nerve whose cells of origin are situated in the mucous 

emẹbfane of the nose, an organ of special sense, and its fibres are not collected to- 
Ser into a nerve-trunk, but pass, as a number of small bundles, through the lamina 


| 
| 
| 
| 
| 
| 
| 
| 
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cribrosa of the Ame beoe directly into the olfactory bulb. The second nerve 
is also a nerve of special sense. Its fibres form a very distinct bundle, similar in 
appearance to an ordinary nerve, from which, however, it differs essentially, both 
with regard to structure and development; for, unlike an ordinary nerve, its con- 
nective tissue consists to a large extent of neuroglia instead of ordinary connective 
tissue, and its component nerve-fibres are of much smaller calibre than those of an 
ordinary nerve. It represents the location of the original optic stalk, a diverticulum 
from the neural tube. The optic nerve, therefore, corresponds more closely with 
an association tract of the central system than with an ordinary nerve. 

The third, fourth, sixth, and twelfth nerves are purely motor nerves, and thus 
correspond only with the ventral roots of spinal nerves. The eleventh nerve is also 
purely motor. Its fibres arise from the cells of the anterior horn of the spinal cord and 
from a nucleus of the medulla which represents a displaced portion of that horn, but 
they do not leave the surface of the spinal cord and brain in the usual situation of 
ventral roots. On the contrary, they emerge in a series of rootlets from the lateral 
column of the cord on the dorsal side of the ligamentum denticulatum, and from 
the upward prolongation of the postero-lateral sulcus. 

The eighth or acoustie nerve is a nerve of special sense, and in some respects both 
its parts correspond closely with the dorsal root of a typical spinal nerve, and the 
ganglia of both its parts represent spinal ganglia, but its distribution is limited to 
the sense organ. 

The ninth and tenth nerves contain both motor and sensory fibres, but they 
differ from typical spinal nerves because the motor fibres, in company with the sensory, 
issue from the postero-lateral suleus of the medulla, and they are intimately inter- 
mingled, from their origin, with the sensory fibres, which latter arise from ganglia 
interposed in the nerves and otherwise correspond with'the fibres of the dorsal root 
of a typical spinal nerve. 

Superficial Attachments and Origins.—It is customary to speak of the area 
where the nerve-fibres leave or enter the brain substance as the superficial attachment 
of the cranial nerves, and the group of cells from which the fibres spring as their cells of 
origin. 


THE FIRST PAIR—THE OLFACTORY are es ; 
ay olfactory cells 


The olfactory nerve-fibres are the central processes of the 
situated in the olfactory region of the mucous membrane of th al and outer walls 
of the nasal fossa above the level of the lower border of perior nasal concha. 
As the fibres pass upwards from their cells of origin they plexuses in the mucous 
membrane, and from the upper parts of these rink , Immediately below the 
lamina cribrosa of the ethmoid, about twenty cS Issue on each side. "These 


filaments comprise the olfactory nerve. The n-medullated. "They pass up- 
wards, through the foramina in the lamina Eel nto the anterior fossa of the 
cranium in two rows, and after piercing tH&dura mater, the arachnoid, and the pia 
mater, they enter the lower surface of th ctory bulb. They pass through the 
superficial stratum of nerve-fibres on the ®ferior surface of the olfactory bulb and 
end in the glomeruli, which are form 7 the terminal ramifications of the olfactory 
nerve-fibres intermingled with the Nar ramifications of the main dendrites of the 
large mitral cells which lie in thed art of the grey substance of the olfactory bulb. 
The olfactory nerve-fibres PN fibres, since they do not possess medullary 
sheaths, and they are boun *ether into nerves by connective-tissue sheaths de- 
rived from the pia mat the subarachnoid tissue, and from the dura mater. 
Prolongations of the suD&exhnoid space pass outwards along the nerves for a short 
distance. A 


M The olfactory impulses are transmitted by way of the olfactory nerve- 

eruli to the mitral cells, and they are carried to the cerebrum by the 
ones) of the mitral cells, which pass backwards along each olfactory tract 
lfactoriz (see Rhinencephalon, p. 844). 


Central Connec 
fibres through th 


central procestes 
and its SS 


P THE SECOND PAIR—THE OPTIC NERVES 


fibres of the optic nerve are the central processes of the ganglion cells of 
etina. Within the bulbus oculi they converge to the optic papilla, where they are 
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accumulated into a rounded bundle, the optic nerve. The nerve thus formed pierces 
the chorioid and the sclerotic coats, and, at the back of the bulbus, enters the orbital 
fat, in which it passes backwards and inwards to the optie foramen. After traversing 
the foramen it enters the middle fossa of the cranium, and anastomoses with its 
, fellow from the opposite side, forming the optic chiasma. It may, therefore, for de- 
scriptive purposes, be divided into four portions—the intra-ocular, the intra-orbital, 
the intra-osseous, and the intra-cranial. The total length of the nerve varies from 
forty-five to fifty millimetres. 
The intra-ocular part is rather less than one millimetre in length. It passes 
backwards from the optic papilla through the chorioid and through the sclerotic. 
As it passes through the latter coat of the bulbus oculi in many separate bundles, 
the area it traverses has a cribriform appearance when the nerve is removed, and con- 
sequently is known as the lamina cribrosa sclere. 
The intra-orbital part of the nerve emerges from the sclerotic about three milli- 
metres below and to the median side of the posterior pole of the bulbus, and it is 


Fic. 699.—NERVES OF THE NASAL Cavity. 
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about thirty millimetres long. It p: 
the posterior part of the fascia 
| . optic foramen. As it runs ba®\ 
| 
H 


& backwards and medianwards, surrounded by 
non's capsule) and by the orbital fat, to the 
fds it is in relation above with the naso-ciliary 
1è artery which pass obliquely from behind and out- 
side, forwards and inwar YOss the junction of its posterior and middle thirds, and 
also with the superior opfalmic vein, the superior rectus muscle, and the upper 
| branch of the oy nerve. Below it are the inferior rectus muscle, and the 
E inferior division o culo-motor nerve. To its outer side, near the posterior part 
| of the orbit, are 


(nasal) nerve and the opł 


phthalmic artery, the ciliary ganglion, the abducens nerve, and 
the externa s muscle. The anterior two-thirds of this portion of the optic 


nerve ar 


3 nded by the ciliary arteries and the ciliary nerves and it is pene- 
trated on Ng 


medial and lower aspect by the central artery of the retina. As it 


| enters {Me optic foramen to become continuous with the intraosseous part, it is in 
i o n jon with the ligaments of Lockwood and Zinn (annulus tendineus com- 

niN^and with the four recti muscles which arise from them. 
re intra-osseous portion is from six to seven millimetres long. It lies be- 
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tween the roots of the small wing of the sphenoid and the body of that bone, and it isin 
relation below and laterally with the ophthalmic artery. 

The intra-cranial portion, which is from ten to twelve millimetres long, runs 
backwards and medianwards, beneath the posterior part of the olfactory tract, and 
above the ophthalmic artery, the iriner border of the internal carotid artery, and the 
diaphragma sellz. 


Central Connections.—The central connections of the fibres of the optic nerve have been : 
considered with the optic chiasma and the optic tract (see p. 829). 


The Sheaths of the Optic Nerve.—The optic nerve receives a sheath from 
each of the membranes of the brain, and prolongations of the subdural and sub- 
arachnoid cavities also pass outwards along it to the posterior part of the sclera 
(fig. 658). 


THE THIRD PAIR—THE OCULO-MOTOR NERVES 


The third cranial nerve or oculo-motor is a purely motor nerve. Each supplies 
seven muscles connected with the eye, two of which, the sphincter of the iris and ciliary 
muscle, are within the bulbus oculi. The remaining five are in the orbital cavity, 
and four of them—the superior, inferior, and internal recti and the inferior oblique— 
are attached to the bulbus, while the fifth, the levator palpebrz superioris, is inserted 
into the upper eyelid. 

The fibres of each third nerve spring from their nucleus of origin situated in the grey 
substance of the floor of the aquseductus cerebri in the region of the superior quadri- 
geminate body (fig. 611). The cells of this nucleus are divided into two main groups, a 
superior and an inferior (fig. 612). The superior group includes two nuclei, a medial 
and alateral. "The latter, besides being lateral, is also somewhat dorsal to the former. 
The inferior group has been divided into six secondary nuclei, according to the eye- 
muscles the cells of each group innervate. Two of the six lie lateral to the others and 
somewhat dorsally, and of the remaining four, which are placed more medially, one 
lies in the mid-line (nucleus medialis) and is common to the oculo-motoMnerves of both 
sides. 

It has been found, by the study of diseased conditions and xptriments with 
animals, that the centres of innervation of the eye-muscles splied by the nerve 
correspond to the above divisions of both the superior and ins iN group of cells into a 
medial and lateral series. "The relative position of the uóns of each group and 
the muscles they are thought to innervate are sho OY the following diagram 


devised by Starr:— cS 
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As they leave the nucleus the fibres of the oculo-motor nerve form a series of 
fasciculi which curve ventrally through the red nucleus and the medial part of the 
substantia nigra, to the oculo-motor suleus on the inner surface of the cerebral 
peduncle, where they emerge in from six to fifteen small bundles which pierce the pia 
mater and collect into the trunk of the nerve. Immediately after its formation along 
the oculo-motor sulcus, the trunk of the nerve passes between the posterior cerebral 
and the superior cerebellar arteries, and, running downwards, forwards, and laterally 


- in the posterior part of the cisterna basalis, it crosses the anterior part of the attached 


border of the tentorium cerebelli at the side of the dorsum sellæ, and, piercing the 
arachnoid and the inner layer of the dura mater, it enters the wall of the eavernous 
sinus about midway between the anterior and posterior clinoid processes. Immedi- 
ately after its entry into the wall of the sinus it lies at a higher level than the fourth 
nerve, but the latter soon crosses on its outer side and gets above it, and directly 
afterwards the third nerve divides into a smaller superior and a larger inferior branch 
(fig. 701). Before its division it receives communications from the cavernous plexus 
of the sympathetic about the internal carotid artery, and from the ophthalmic 
division of the fifth nerve. Both branches proceed forwards, and the nasal 
branch of the fifth nerve, which has passed upwards, on the outer side of the 
inferior branch of the third nerve, lies between them. At the anterior end of the 
cavernous sinus the two branches pass through the superior orbital (sphenoidal) 
fissure, between the heads of the external rectus muscle, and enter the orbital 
cavity. In the orbit, the superior branch lies between the superior rectus and the 
optic nerve; it supplies the superior rectus and then turns round the inner border of 
that muscle and terminates in the levator palpebre superioris. The inferior branch 
runs forwards, beneath the optic nerve, and divides into three branches which supply 
the inferior and internal recti and the inferior oblique. The branch to the inferior 
oblique muscle is connected with the ciliary ganglion by a short thick offset, the short 
root of the ciliary ganglion, by mediation of which the oculo-motor nerve sends im- 
pulses to the ciliary muscle and the sphincter muscle of the iris.) The inferior branch 
also gives some small twigs to the inferior rectus. {The branches of the third nerve 
which supply the recti muscles enter the muscles on their ocular surfaces, but the 
branch to the inferior oblique muscle enters the posterior border of that muscle. | 


pass into the nerve of the same side, but into that of the opposites antl it is believed that 
they are distributed to the opposite internal rectus muscle. OthffgiDfes which arise from the 
nucleus descend in the medial longitudinal fasciculus and NT iate about the cells of the 


Some of the fibres which spring from the medial portion of the M otor nucleus do not 
N: 


nucleus of the facial or join the facial nerve, in which they pass 1@upper part ofthe orbicularis 
oculi. 

Central Connections.. The nucleus of the third nerv (ciated with the anterior portion 
of the somesthetic area and with the cortex about NA area of the occipital lobe of the 
opposite side of the brain by the pyramidal fibres. © bably associated with the cerebellum 
by the fibres of the superior cerebellar peduncl vith the sensory nuclei of the other 
cranial nerves by the medial longitudinal "e 


THE FOURTH on). 1E TROCHLEAR NERVES 


The fibres of each fourth or tr 
lies in the grey substance of 


“ir nerve spring from the cells of a nucleus which 
or of the aqueductus cerebri in line with the 
oculo-motor nucleus, but INNÉ vion of the inferior quadrigeminate bodies. As the 
fibres pass from their origja§W ey run ventrally and laterally in the substance of the 
tegmentum for a shor Aae then they curve medianwards and dorsalwards, and, 
in passing through th\ayterior end of the superior medullary velum they decussate 
totally with the fibpes ot the fourth nerve of the opposite side. After the decussation 
the fibres emotes the surface of the superior medullary velum, at the side of the 
frenulum veli, @ispally in two small bundles, which pierce the pia mater and join 
together to JONY the slender trunk of the nerve. This trunk curves forwards and 
ventralw, ON the base of the brain around the sides of the superior peduncle of the 
cerebe aN nd cerebral peduncle of the side opposite to that in which the nerve 
originates} running parallel with and between the superior cerebellar and posterior 

arteries. As it reaches the base of the brain behind the optic tract the 
aters the cisterna basalis, in which it runs forwards, immediately beneath or 


j 


n 


Cyetens the free border of the tentorium cerebelli, to the superior border of the 


.AQ 
wl 


etrous portion of the temporal bone, where it pierces the arachnoid and the dura 
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mater and enters the posterior end of the outer wall of the cavernous sinus. In the 
wall of the cavernous sinus it forms communications with the cavernous plexus 
of the sympathetic and by a small filament with the ophthalmic division of the 
fifth nerve. It gradually ascends, as it passes forwards in the outer wall of the 
sinus, and, beyond the middle of the sinus, it crosses the outer side of the trunk of 
the oculo-motor nerve and gains a higher position. At the anterior end of the sinus 
the nerve enters the orbit above the external rectus and immediately turns inwards 
between the periosteum of the roof and the levator palpebre superioris. At the 
inner border of the roof of the orbit it turns forwards to its termination, and enters 
the orbital or superior surface of the superior oblique muscle to which its fibres are 
distributed. 


Fic. 700.—DrAGRAMS CF SECTIONS THROUGH THE ORIGIN OF THE FourtH NERVE. (Stilling.) 
(The upper figure is an oblique section, the lower is a coronal section.) 
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(2) it is the 
aspect of the encephalon; (3) it 
(on, and (4) in that it terminates 
as its origin. Gaskell has wid Ns 


THE FIFTH ae u TRIGEMINAL NERVES 


Each fifth or trigeminus ner NO e Targest of the cranial nerves with the exception 
of the optic, and it possesses O sensory and a motor root. The fibres of the sen- 


sory root spring from th of the semilunar (Gasserian) ganglion, which cor- 


responds with the gangli the dorsal root of a spinal nerve, and those of the 


motor root issue fr CA fde of the pons, close by the side of the entering fibres of 
iN : 


the sensory root. 
The semilunar 
cave, a cleft int 


serian) ganglion is a semilunar mass which lies in Meckel's 
à mater above a depression in the inner part of the upper surface 
of the petro NS ion of the temporal bone. "The convexity of the ganglion is turned 
forwards, f NN ‘om it three large nerves, the ophthalmie, the maxillary, and the 

mandibu NS re given off. From the concavity, which is directed backwards, springs 
the ge ' or afferent root of the fifth nerve. The inner end of the ganglion is in 


close tin with the cavernous sinus and the internal carotid artery at the foramen 
l um, and the outer end lies to the inner side of the foramen ovale. The surfaces 
e ganglion are striated, due to bundles of fibres traversing them. The upper 


| 
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surface is separated by the dura mater from the temporal lobe of the brain, and the 
lower rests upon the motor root of the fifth nerve and the outer layer of dura mater 
upon the petrous portion of the temporal bone. 

The sensory root (portio major).— The fibres of the sensory root, as they leave 
the semilunar (Gasserian) ganglion, form from thirty to forty fasciculi which are 
bound together into a flat band, from six to seven millimetres broad, which passes 

| backwards over the upper border of the petrous portion of the tempor al bone and 
below the superior petrosal sinus into the posterior fossa of the cranium. In the 
i posterior fossa it runs backwards, medianwards, and downwards, and passes into 
the pons through its continuation into the middle of the cerebellum. In the teg- 
mentum of the pons region, the fibres bifurcate into ascending and descending 
branches which terminate about the cells of the (sensory) nucleus of termination of 
the trigeminus. This nucleus, large at the level of the entrance of the root, has e 
tapering inferior extremity w hich descends as low as the upper portion of the spinal 
cord and the fibres of the root terminating about the cells of this extremity are 
known as the spinal tract of the trigeminus. 

The motor root (portio minor).— The fibres of the motor root of the fifth nerve 
spring from two nuclei, a slender upper or mesencephalic nucleus, and a clustered 
lower or principal nucleus. The fibres arising in the mesencephalic nucleus descend 
along the lateral aspect of the nucleus to the pons as the descending or mesencephalic 
root; here they join the fibres from the principal motor nucleus and issue with them 
from the side of the pons in from six to ten fasciculi. The fasciculi blend to form the 
motor root, which is from one and a half to two millimetres broad. At the point 
where it emerges from the pons the motor root is in front of and ventral to the sen- 
sory root, and it is separated from the latter by a few of the transverse fibres of the 
pons which constitute the lingula of Wrisberg. From its superficial attachment 
the motor root passes upwards, lateralwards, and forwards in the posterior fossa of 
the cranium, and along the inner and anterior aspect of the sensory root, to the 
mouth of Meckel’s cave. In this cavity it runs lateralwards below the semilunar 
(Gasserian) ganglion to the foramen ovale, through which it passes to join the mandi- 
bular nerve immediately below the base of the skull. 


Central Connections.—The motor nuclei of the fifth nerve are connected with the lower 
part of the somesthetic area of the cerebral cortex of the opposite side by th¥ genicular bundle of 
pyramidal fibres, and they are associated with the sensory nuclei of oth nial nerves by the 
medial longitudinal fasciculus. The sensory nuclei are connected with on méesthetic area of the 
cortex by “the fibres of-the medial lemniscus (fillet) and with the nuclei of other cranial 
nerves by the medial longitudinal fasciculus. (For detailed centy v see pages 808, 
810.) 


THE BRANCHES OF negans 
(1) THE OPHTHA 


The ophthalmic nerve is exclusively Kory, and is the smallest of the three 
branches which arise from the e aS A serian) ganglion. It springs from the 
inner part of the front of the ganglio passes forwards, in the outer wall of the 
cavernous sinus, where it lies belo Bp fourth nerve and to the outer side of the 
| sixth nerve and the internal carot! rtery (fig. 701). A short distance behind the 
| superior orbital (sphenoidal) e nerve divides into three terminal branches— 

the frontal, lachrymal, and NN iliary (nasal) nerves. They pierce the dura mater, | 
which closes the fissure, 2 N forwards into the orbit. Before its division the oph- 
thalmic nerve receives £omgrTunicating filaments from the cavernous plexus of the i 
sympathetic and it gives*wft, soon after its origin, a tentorial (recurrent meningeal) i 
branch which runs Gel wards, in close association with the fourth nerve, and ramifies 
between the laye 1e tentorium cerebelli. Further forwards three communica- 
ting branches, from the ophthalmic nerve and connect it with the third, fourth, 


RVE 


al Branches.—(a) The Frontal Nerve is the largest terminal branch. 
It piereesW)Ye dura mater and passes into the orbit through the superior orbital 
lal) fissure, above the rectus lateralis and a little below and to the outer side 
of oùrth nerve. In the orbit it runs forwards, between the levator palpebræ supe- 
ae and the periosteum, and breaks up into three branches, the supra-orbital, 


tal proper, and supratrochlear. | 
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The supra-orbital nerve, the largest of the three branches, leaves the orbit at 
the supra-orbital notch (fig. 701). As it passes through the notch it gives off a small 
branch which enters the bone and supplies the diploé and the mucous membrane of the 
frontal sinus. Its terminal branches give twigs to the pericranium and to the skin 
of the scalp, the upper eyelid, the frontal region, and the parietal region almost as far 
as the lambdoid suture (fig. 705). One branch running at the upper margin of the 
orbital cavity unites with a branch of the facial nerve. 

The frontal branch, given off at a variable point, lies internal to the supra- 
orbital, passes through the frontal foramen, and is distributed to the skin of the fore- 
head and upper eyelid (fig. 701). 


The supratrochlear branch runs forwards and inwards towards the upper and 
inner angle of the orbit, where it passes above the pulley of the superior oblique 
muscle, pierces the palpebral fascia, and ascends to the lower and middle part of 
the forehead, accompanied by the frontal artery (fig. 701). Before it leaves the 

à Fic. 701.—NERVES OF THE ORBIT FROM ABOVE AND BzHiND. (Schematic.) 
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SeMind or in front of the pulley of the obliquus 
fratrochlear nerve, and as it leaves the orbit it 
Skin and conjunctiva of the inner third of the upper 
j- eyelid. Its terminal brache "fierce the orbicularis and frontalis, and, as they pass 
to the skin of the forehead®Mey communicate with branches of the facial nerve. 

(b) The Lachrym erve is the smallest of the three branches of the ophthalmie 
division. It passes igh the superior orbital (sphenoidal) fissure external to and 
slightly below t ntal nerve, and is directed forwards and outwards, along the 
upper borde: rectus lateralis to the lachrymal gland (fig. 701). On the lateral 
wall of th NN it receives a small communicating branch from the zygomatic nerve 
(the orbi NM neh of the maxillary nerve). This communicating branch brings to 


| orbit it sends a branch downwer 
| superior to communicate with 
gives off filaments to supply 


en M 


~] 


e 


the lachgWnal nerve secretory fibres for the lachrymal gland. A small twig passes be- 
yon& 
ait] ishen distributed to the integument at the outer canthus of the eye and to the 
È ver the external angular process. 
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land, pierces the palpebral fascia, supplies filaments to the conjunctiva, 


966 : THE NERVOUS SYSTEM 


(c) The Naso-ciliary (nasal) Nerve enters the orbit between the two heads of the 
rectus lateralis and between the upper and lower divisions of the oculomotor nerve. In 
the orbit it lies at first on the outer side of the optic nerve, but, asit runs obliquely for- 
wards and inwards to the inner wall of the orbital cavity, it crosses above the optic 
nerve and between it and the rectus superior, and near the border of the rectus medi- 
alis it divides into its two terminal branches, the infratrochlear and anterior ethmoid 
(fig. 701). 

Its several branches are: (i) The long root of the ciliary ganglion which is 
given off at the superior orbital (sphenoidal) fissure. It is a slender filament which 
runs forwards on the outer side of the optic nerve to the upper and back part of the 
ganglion (fig. 701). 

(ii) The long ciliary nerves, usually two in number, which arise from the naso- 
ciliary nerve as the latter is crossing above the optie nerve. "They run forwards, on 
the inner side of the optic nerve, pierce the sclerotic, and are distributed with the 
lower set of short ciliary nerves (fig. 701). 

(iii) The posterior ethmoidal (spheno-ethmoidal) branch springs from the 
posterior border of the naso-ciliary nerve near the upper border of the rectus medialis. 
It passes through the posterior ethmoidal canal and is distributed to the mucous 
membrane of the posterior ethmoidal cells and the sphenoidal sinus. 

(iv) The infratrochlear nerve passes forwards between the obliquus superior and 
the rectus medialis, and under the pulley of the former muscle divides into two 
branches:—The superior palpebral branch helps to supply the eyelids and usually 
anastomoses with the supratrochlear nerve. The inferior palpebral branch is 
distributed to the lachrymal sac, the conjunctiva and skin of the inner part of 
the upper eyelid, the caruncle, and the skin of the upper part of the side of the 
nose. 

(v) The anterior ethmoidal (distal part of the nasal) nerve, passing forwards 
and inwards between the obliquus superior and the rectus medialis, leaves the orbit 
through the anterior ethmoidal foramen, accompanied by the anterior ethmoidal 
vessels, and enters into the anterior fossa of the cranium (fig. 701). It then crosses 
the lamina cribrosa of the ethmoid, lying outside the dura mater, which separates 
it from the olfactory bulb, and descends into the nasal fossa through the ethmoidal 
fissure, a slit-like aperture at the side of the crista galli. In theqnasal fossa it ter- 


minates by dividing into two sets of anterior nasal branches: internal nasal 
branches and the external nasal branch (fig. 699). ite 
sal branches (the 


The internal nasal branches divide into the media 
septal branches of the nasal nerve), which run downwardgffNMiorwards on the upper 
and front part of the septum, and the lateral nasal bra ches (the external terminal 
branch of the nasal nerve), which , give twigs to th rior extremities of the supe- 
rior and middle nasal conche (turbinated bones), a, the mucous membrane of the 
lateral wall of the nose (fig. 699). 

The external nasal branch (the anteri nNnal branch of the nasal nerve) 
runs downwards in a groove on the inner Suríate of the nasal bone. It pierces the 
wall of the nose between the nasal bone : he upper lateral cartilage, and supplies 
the integument of the lower part of the déwcum of the nose as far as the tip. 


(2) THE MAXILLARY NERY Oro DIVISION OF THE TRIGEMINUS 

The maxillary nerve is N eno in function and it is intermediate in size 
between the ophthalmic 1 andibular nerves. 

It springs from the(miqtfe of the anterior border of the semilunar (Gasserian) 
ganglion and runs forwdwe 6 in the lower and outer part of the lateral wall of the 
'üàvernous sinus (ie Co Leaving the middle fossa of the cranium, by passing 
through the Medie undum, it enters the pterygo-palatine (spheno-maxillary) fossa 


(fig. 707), wher connected with the spheno-palatine ganglion; then, changing its 
name, it pags QY vards, as the infra-orbital nerve, through the inferior orbital 
(spheno- NN wry) fissure into the infra-orbital sulcus in the floor of the orbit; con- 
tinuing ON "ds it traverses the infra-orbital canal accompanied by the infra-orbital 
arteryagMd appears in the face, beneath the quadratus (levator) labii superioris and 
ey caninus (levator anguli oris), where it divides into four sets of terminal 

anfes which anastomose more or less freely with branches of the facial nerve to 
Oe the infra-orbital plexus. 
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Branches.—The branches of the maxillary nerve are—(a) branches given off 
in the middle fossa of the cranium; (b) branches given off in the pterygo-palatine 
(spheno-maxillary) fossa; (c) branches given off in the infra-orbital sulcus and 
canal; and (d) terminal branches. 

(a) The middle (recurrent) meningeal branch, given off in the middle fossa 
of the cranium, breaks up into numerous branches which supply the dura mater, 
reinforce the sympathetic plexus on the middle meningeal artery, and anastomose 
with the spinous nerve (the recurrent branch of the mandibular nerve). 

(b) The branches given off in the pterygo-palatine (spheno-maxillary) fossa are 
the spheno-palatine nerves, the zygomatic branch, and the posterior superior alveolar 
nerves. 

The spheno-palatine branches, one, two, or three branches, pass downwards in 
the pterygo-palatine fossa and give a small part of their fibres to the spheno-pala- 
tine (Meckel’s) ganglion (fig. 702), the larger part of their fibres passing to the 
orbital, nasal, and palatine branches of the ganglion. (See SPHENO-PALATINE 
GANGLION, p. 972.) 


Fic. 702.—MaxiLLARY NERVE SEEN FROM WITHOUT. 


MANDIBULAR OPHTHALMIC MAXILLARY ZYGOMATIC 
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The zygomatic (orbital or temp malar) branch, given off from the upper 
surface of the maxillary nerve, bees ele and lateralwards, and, at the end of the 
inferior orbital (spheno-maxillazgy O^, passes through it into the orbit and divides 
into two branches, facial and toril. 


The zygomatico-facial r) branch runs forwards, passes through a zygo- 
matieo-orbital foramen, th through the zygomatico-facial (malar) foramen,' 


pierces the orbicularis oct 4ommunicates with the zygomatic (malar) branch of the 
seventh nerve, and, s(lies the skin of the prominence of the cheek. The zygo- 
matico-temporal oral) branch runs upwards in a groove in the outer wall of 
the orbit, passes £l gh a zygomatico-orbital foramen, then through the zygomatico- 
temporal (spl alar) foramen, and enters the temporal fossa. It turns around the 
anterior b NNS 


the temporal muscle, pierces the deep layer of the temporal fascia, 
and runs DNeNwards for a short distance in the fat between the superficial and deep 


lamell, Xhen, turning outwards, it pierces the superficial lamelle about an inch 


abog zygoma, anastomoses with the temporal branch of the facial nerve, and 
syppięg the skin of the anterior part of the temporal region. 


hree sets of superior alveolar nerves arise from the maxillary and the infra- 
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orbital nerves, namely, the posterior superior alveolar branches, the middle superior 
alveolar branch, and the anterior superior alveolar branches. 

The posterior superior alveolar (dental) nerves are usually two in number, but 
sometimes arise by a single trunk. "They pass downwards and outwards through the 
pterygo-maxillary fissure into the zygomatic fossa, where they give branches to the 
mucous membrane of the gums and the posterior part of the mouth; then they enter 
the posterior alveolar (dental) canals and unite with the other alveolar branches to 
form the superior dental plexus, through which they give branches to the roots of the 
molar teeth and to the mucous membrane of the maxillar y sinus (fig. 702). 

(c) The branches given off in the infra-orbital suleus and c anal are the middle and 
anterior superior alveolar (dental) nerves. 

The middle superior alveolar (dental) nerve leaves the infra-orbital nerve in 
the posterior part of the infra-orbital suleus, and, passing downwards and forwards 
in a canal in the maxilla, it divides into terminal branches that anastomose with the 
other alveolar branches to form the superior dental plexus. Through the plexus it 
supplies the bicuspid teeth and gives branches to the mucous membrane of the 
maxillary sinus and also to the gums (fig. 702). 

The anterior superior alveolar (dental) nerve is the largest of the superior 
alveolar nerves. It is given off by the infra-orbital nerve in the anterior part of the 
infra-orbital canal, and passes downwards in a bony canal in the anterior wall of the 
maxilla. After uniting with the other alveolar nerves to form the superior dental 
plexus, it supplies the. canines and the incisors and gives branches to the mucous 
membrane of the maxillary sinus and the gums (fig. 702). It also gives off a nasal 
branch which enters the nasal fossa through a small foramen, and supplies the 
mucous membrane of the anterior part of the inferior meatus and the adjacent part 
of the floor of the nose. 

The superior dental plexus is formed in the bony alveolar canals by the three 
superior alveolar nerves. It is convex downwards and anastomoses across the mid- 
line with the corresponding plexus of the other side (fig. 702) From it arise the 
superior dental branches supplying the roots of the teeth, superior gingival 
branches supplying the gums, and also branches to the mucous membrane of the 
maxillary sinus and to the bone. On the plexus are two gangliform enlargements, 
one, called the ganglion of Valentine, situated at the junction of the middle and the 
posterior branches, and the other, called the ganglion of Bochdalel At the junction of 
the middle and anterior branches. 

The infra-orbital nerve, that part of the maxillary n 
spheno-palatine ganglion, enters the orbit through thea 
maxillary) fissure, accompanied by the infra-orbital artera 
the infra-orbital canal (fig. 702) to the face, where it di 
branches, some of which, by anastomoses with the 
the infra-orbital plexus. 

(d) The terminal branches of the maxillar are the inferior palpebral, the 
external and internal nasal (nasal), and i erior labial. 

The inferior palpebral branches, y two, pass upwards and supply all 
the skin and conjunctiva of the lower eyeNdA fig. 705). 

The external nasal branches pas: yards under cover of the quadratus (levator) 
labii superioris, and supply the e he posterior part of the lateral aspect of the 
nose. 

The internal nasal brane) pass downwards and inwards under the lateral 
wall of the nose, and then tt vards to supply the skin of the vestibule of the nose. 

The superior labial es, three or four in number, as a rule are larger than 
the palpebral and nasaNby nches. They pass downwards to supply the skin and 
mucous membrane, O e upper lip and the neighbouring part of the cheek: 


wiying distal to the 
ior orbital (spheno- 
1d with it passes through 
k into four sets of terminal 
es of the facial nerve, form 


AN ULAR NERVE OR THIRD DIVISION or THE TRIGEMINUS 


lar division is the largest of the three divisions of the fifth nerve 

p TON é N 5). Itis formed by the union of two distinct parts, namely, the en- 
tire mgt&r in a of s fifth nerve and a large bundle of sensory fibres derived from the 
Sew: (Gasserian) ganglion. These two parts pass through the foramen ovale 
NS immediately outside the skull to form a large trunk which almost 
Qt after its formation divides into a small anterior and a larger posterior por- 


ern -—— 
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tion. The trunk is situated between the pterygoideus externus externally and the 
otie ganglion and the tensor palati internally. In front of it is the posterior border 
of the pterygoideus internus, and behind it, the middle meningeal artery. Two 
branches arise from the trunk of the nerve before its division, namely, the spinous 
(recurrent) nerve and the nerve to the pterygoideus internus. 

The spinous (recurrent) nerve, after receiving a filament from the otic ganglion, 
enters the cranium through the foramen spinosum, accompanying the middle 
meningeal artery, and divides into an anterior and a posterior branch. The anterior 
branch communicates with the meningeal branch of the maxillary division of the 
fifth nerve, furnishes filaments to the dura mater, and ends in the osseous sub- 
stance of the great wing of the sphenoid. The posterior branch traverses the petro- 
squamous suture and ends in the lining membrane of the mastoid cells. 

The nerve to the internal pterygoid passes under cover of a dense layer of fascia 
derived from an expansion of the ligamentum pterygo-spinosum, and enters the deep 
surface of the muscle. Near its commencement this nerve furnishes a motor root to 
the otie ganglion, and small branches to the tensor tympani and tensor palati. 

The Anterior Portion of the mandibular nerve is smaller than the posterior and 
is chiefly motor; it supplies the muscles of mastication, the temporalis, masseter, and 
pterygoideus externus, and gives off a sensory br: anch, the buccinator (long buccal) 
nerve. The latter is accompanied, in the first part of its course, by a small strand 
of motor fibres which leaves it to end in the anterior part of the tempor: i| muscle. 

The deep temporal nerves, usually two in number, posterior and anterior, pass 
between the bone and the upper border of the external pterygoid muscle, and turn 
upwards around the infra-temporal crest of the sphenoid bone to end in the deep sur- 
face of the temporalis (fig. 703). The posterior of the two often arises in common 
with the masseterie nerve. "The anterior is frequently associated with the buecinator 
(long buccal) nerve till the latter has passed between the two heads of the pterygoideus 
externus. There is frequently a third branch, the medius, which passes outwards 
above the pterygoideus externus, and turns upwards close to the bone to enter the 
deep surface of that muscle. 

The masseteric nerve, which frequently arises in common with the posterior 
deep temporal nerves, passes between the bone and the pterygoideus externus, and 
accompanies the masseteric artery through the notch of the mandjble to be dis- 


tributed to the masseter (fig. 703). It is easily traced aba deeper fibres 
nearly to the anterior border of the masseter. As it emerges al oN qu pterygoideus 


externus it gives off a twig to the temporó-mandibular artieul: 
The nerve to the external pterygoid, after a course of al 
aninch), divides into twigs which enter the deep surfac 
muscle. It is usually adherent at its origin to the long b 
The buccinator (long buccal) nerve, entirely s , passes between the two 
heads of the external pterygoid muscle and rt nwards and forwards under 
cover of or through the anterior fibres of the tem isto the cheek (fig. 703). As it 
passes forwards it emerges from under oe anterior border of the masseter 
and lies on the superficial surface of the bu tor, where it communicates with the 
buccal branches of the seventh nerve and riof f nese to supply the superjacent 
skin; finally it pierces the buccinator ar@Aupplies the mucous membrane on its inner 
surface as far forwards as the angle € mouth. The fibres of the anterior deep 
temporal nerve are frequently a 1 with the buccinator until the latter has 
passed between the heads of t SS rnal pterygoid; then the anterior deep tempo- 
ral nerve separates from the ff intor and passes upwards on the outer surface of 
the upper head of the ext : 
The Posterior Portio he Pi nerve divides into three large branches. 
Two of these, the ANDA ola: the auriculo-temporal nerves, are exclusively sensory ; 
the third, the "e olar (dental) nerve, contains a strand of motor fibres, the 
mylo-hyoid nery 
The Lin 
707). Itlj 
descends at 


mm. (an eighth of 
W the two heads of the 
At nerve. 


O is the most anterior branch of the mandibular nerve (figs. 703, 
nt and to the inner side of the inferior alveolar (dental) nerve and 
Nét on the inner side of the pterygoideus externus, then between the 


pterygojdgus internus and the ramus of the mandible to the posterior part of the mylo- 
hyo aa, where it passes off the anterior border of the pterygoideus internus; at 
ig pit it is situated a short distance behind the last molar tooth and is covered in 


fy by the mucous membrane of the posterior part of the mouth. After leaving 
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the pterygoideus internus it crosses the fibres of the superior constrictor, which arise 
from the mandible, and turns forwards towards the tip of the tongue, crossing the 
outer surfaces of the stylo-glossus, hyo-glossus, and genio-glossus. In its course 
across the hyo-glossus it les first above, then to the outer side of, and finally 
below Wharton's düct, and as it ascends on the genio-glossus it lies on the inner side 
of the duct. 

| Communications and Branches.—While it is on the inner side of the pterygoid- 
| 

| 


eus externus, the lingual nerve is joined, at an acute angle, by the chorda tympani 
(figs. 703, 707), € branc h of the seventh nerve, and as it lies between the ramus of 
the mandible and the pterygoideus internus it is connected by a communicating 
branch with the inferior alveolar (dental) nerve, and gives off one or two small 
branches, the rami isthmi faucium, which pass to the tonsil and the mucous mem- 
brane of the posterior part of the mouth (fig. 707). 

While it is above the duct it gives a branch, which contains many chorda tympani 
fibres, to the submaxillary ganglion (see p. 974), and it receives branches from 


Fig. 703.—DIsTRIBUTION OF THE MANDIBULAR DIVISION OF THE TRIGEMINUS. (Henle.) 
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that ganglion. A little SS it is connected by one or two branches, 


which run along the a vorder of the hyo-glossus, with the hypoglossal 
nerve (fig. 707). It the 
to supply the sublingua 


wind and the neighbouring mucous membrane (fig. 707). 


Its terminal (ling Aranches pierce the muscular substance of the tongue and are 
distributed to th Cous membrane of its anterior two-thirds. They anastomose 
with similar bn 5 of the other side and with branches of the glosso-pharyngeal 
nerve. 


The SS Alveolar (dental) Nerve is the jid branch of the posterior 


et ote. of mandibular nerve. It commences on the inner side of the external 
perusal musc le and descends to the interval between the spheno-mandibular liga- 
RU the ramus of the mandible, where it receives one or two communicating 
fan fes from the lingual nerve. Opposite the middle of the inner surface of the 


us it enters the mandibular (inferior dental) canal, accompanied by the inferior 


ves off the sublingual nerve, which runs forwards: 
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alveolar (dental) artery, which lies in front of the nerve, and it runs downwards and 
forwards through the ramus and the body of the mandible (fig. 703). At the mental 
foramen it divides into two parts, one of which, the mental nerve, passes out through 
the mental foramen, the other, commonly called the incisive branch, continues for- 
wards in the canal, and supplies, through the inferior dental plexus, the canine and 
incisor teeth and the corresponding regions of the gums. 

Branches.—The branches of the inferior alveolar (dental) nerve are the mylo- 
hyoid, branches forming the inferior dental plexus, and the mental branch. 

The mylo-hyoid branch is given off immediately before the inferior alveolar 
(dental) nerve enters the mandibular (inferior dental) canal. It pierces the lower and 
back part of the spheno-mandibular ligament and runs downwards and forwards in the 
mylo-hyoid groove between the mandible on the outer side, and the internal ptery- 
goid muscle and the outer surface of the submaxillary gland on the inner side. In 
the anterior part of the digastric triangle it is continued forwards between the an- 
terior part of the submaxillary gland and the mylo-hyoideus, and it breaks up into 
branches which supply the mylo-hyoideus and the anterior belly of the digastric 
(fig. 703). 

The inferior dental plexus is formed by a series of branches which communicate 
with one another within the bone, giving rise to a fine network. From this plexus 
two sets of branches are given off:—the inferior dental branches, corresponding in 
number to the roots-of the teeth, enter the minute foramina at the apices of the roots 
and end in the pulp; the second set, the inferior gingival branches, supply the gums. 

The mental nerve is a nerve of considerable size which emerges through the mental 
foramen (fig. 703). It communicates, near its exit from the bone, with branches of 
the facial nerve, and then divides into three branches. The smallest branch, turning 
downwards, divides into several twigs, the mental branches, which supply the chin. 
The other two, inferior labial branches, pass upwards, diverging as they ascend, and 
divide into a number of twigs. The stoutest twigs ramify to the mucous mem- 
brane which lines the lower lip. Other twigs are distributed to the integument and 
fascia of the lip and chin. 

The Auriculo-temporal Nerve usually arises from the posterior portion of the 
mandibular nerve by two roots which embrace the middle meningeal artery and unite 
behind it to form the trunk of the nerve. The trunk passes backwards on the inner 
aspect of the pterygoideus externus, and between the spheno-mggdbular ligament 
and the temporo-mandibular articulation, lying in close relatio witl)the capsule of 
the joint. Behind the joint it enters the upper part of the AN gland, through 
which it turns upwards and outwards. It emerges from th QU. end of the gland, 
crosses the root of the zygoma close to the posterior borde(O&the superficial temporal 
artery, and divides into auricular and temporal termi Cy inches at the level of the 
tragus of the pinna (fig. 703). NN 

Communications.—(a) Each of the two rg 
munication from the otic ganglion containing ff 
geal nerve. These fibres have passed AUN 
superficial petrosal nerve. 

(b) Communicating filaments pass ftra 
poro-facial branch of the facial nerve 

(c) Filaments of connection wit sympathetie plexus on the internal max- 
illary artery. 

(d) A communication to t Qu alveolar (dental) nerve. 


4 Of the nerve receives a com- 
derived from the glosso-pharyn- 
tympanic plexus and the small 


e auriculo-temporal nerve to the tem- 


Branches.—(a) An arti branch to the temporo-mandibular joint, given 
off as the nerve lies on thgihiweide of the capsule. 
(b) Branches to the rnal auditory meatus. Two branches, as a rule, are 


given off in the Pres gland. They enter the meatus by passing between the 
'artilage and the b&ge/and supply the upper part of the meatus, the membrana 
tympani by a fin heh, and occasionally the lower branch gives twigs to the skin of 


They spr ither directly from the nerve or from the communicating branches to 
the facis netve, and they contain fibres derived from the glosso-pharyngeal nerve 
whas successively through its tympanic branch, the tympanic plexus, the 
us pérfieial petrosal nerve, the otie ganglion, and through the communicating 


the lobule. .« GN 
(c) EN ranches are distributed to the substance of the parotid gland. 
in 


t@Ns from the otic ganglion to the roots of the auriculo-temporal nerve. 
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(d) The anterior auricular branches, usually two in number, are distributed to 
the skin of the tragus and the upper and outer part of the pinna. 

(e) The superficial temporal branches supply the integument of the greater 
part of the temooral region, and anastomose with the temporal branch of the seventh 
nerve. 


THE GANGLIA CONNECTED WITH THE BRANCHES OF THE TRIGEMINUS 


In addition to the semilunar (Gasserian) ganglion, which represents the ganglion of 
the dorsal root of à nerve of spinal type, four other ganglia are connected with the 
branches of the trigeminus. They are the ciliary, the spheno- palatine or Meckel's 
ganglion, the otic, and the submaxillary. All these g ganglia correspond both struc- 
turally and developmentally with the sympathetic ganglia, and they are to be looked 
upon as such. They are vagrant ganglia which separated from the embryonic 
semilunar (Gasserian) ganglion at an early period of development and have become 
associated with the branches of the fifth nerve, receiving fibres which pass through 
them and constitute the so-called sensory roots of the ganglia. Each ganglion alio 
receives a motor root from a cranial nerve, most of the fibres of which root terminate 

about its cells and each is connected with the sympathetie plexus on an adjacent 
artery. 


THE CILIARY GANGLION 


The ciliary, lenticular, or ophthalmic ganglion, lies in the posterior part of the 
orbital cavity, about 6 mm. in front of the superior orbital (sphenoidal) fissure, 
to the outer side of the optic nerve, and between the optic nerve and the external 
rectus muscle. It is a small, reddish, quadrangular body, compressed laterally, and 
it measures about two millimetres from before backwards (fig. 701). 

Roots.—(a) Its motor or short root enters its lower and posterior angle and is 
derived from the branch of the lower division of the oculomotor nerve which sup- 
plies the inferior oblique muscle. 

(b) The sensory or long root enters the upper and back part of the ganglion. 
It is a branch of the naso- ciliary (nasal) nerve. 

(c) The sympathetic root consists of fibres derived from the «avernous plexus 
of the sympathetic; it passes to the ganglion with the long root. Ç 

Branches.—From Sx to eight short ciliary nerves emer&eNrom the anterior 
border of the ganglion; they divide as they pass forwards an@yehtually form about 
twenty nerves which are arranged in an upper and a k >N croup, and the latter 
group is joined by the long e iliary branches of the naso-gilrY (nasal) nerve (fig. 701). 
When they reach the eyeball, the ciliary nerves pier ) sclerotic around the optic 
nerve, and pass forward in grooves on the ne ce of the sclera. They are 

n 


distributed to the ciliary muscle, the iris, and ea. 
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This ganglion is associated with the Maxillary nerve (fig. 702). It is a small 
reddish-grey body of triangular form hich is flattened at the sides, and measures 
about five millimetres from before (aW wards. It lies deeply in the pterygo-palatine 
(spheno-maxillary) fossa at th rede of the spheno-palatine foramen and in front 
of the anterior end of the P | (Vidian) canal. It is attached to the maxillary 
nerve, from which it receiv sensory root, and it is connected with the Vidian 
nerve, which furnishes if wignotor and sympathetic filaments. 

Roots.—(a) It is ge lly believed that the motor root is the great superficial 
petrosal nerve w per) incorporated in the Vidian nerve. It springs from the an- 
terior angle of Ne ulate ganglion and passes through the hiatus canalis facialis 
(hiatus F aloni he middle fossa of the cranium, where it runs forwards and in- 
"i ards, in à on the upper surface of the petrous part of the temporz il bone, to 

the forar Rerum, and in this part of its course it passes beneath the semi- 
lunar (G RN ian) ganglion and the motor root of the fifth nerve. In the foramen 
laceruqNit joins w ith the great deep petrosal nerve to form the Vidian nerve (nerve 
EA rygoid canal), which passes forwards through the pterygoid (Vidian) canai 

d Nfminates in Meckel's ganglion in the pterygo-palatine (spheno-maxillary) fossa. 
Gy great superficial petrosal nerve contains sensory and possibly also motor fibres. 
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The sensory fibres ascend to the soft palate, where they are probably connected with 
peripheral taste organs, and they arise from the cells of the geniculate ganglion. The 
motor fibres, if they exist, belong either to the facial nerve or to communicating 
branches which have passed into it from other nerves. 

(b) The sympathetic root is the great deep petrosal portion of the Vidian 
nerve. This root, which is of reddish colour and of soft texture, springs from the 
carotid plexus w hich lies on the outer side of the internal carotid artery in the carotid 
canal. It,enters the foramen lacerum through the apex of the petrous portion of the 
temporal bone, and unites with the great superficial petrosal branch of the seventh 
nerve to form the Vidian nerve. 

The Vidian nerve (n. canalis pterygoidei) commences by the union of the great 
superficial and deep petrosal nerves in the foramen lacerum, and runs forwards 
through the pterygoid (Vidian) canal to the pterygo-palatine (spheno-maxillary) 
fossa, where it terminates in Meckel’s ganglion. While it is in the pterygoid canal the 
Vidian nerve is joined by a sphenoidal filament from the otie ganglion, and it gives 
branches to the upper and back part of the roof and septum of the nose, and to the 
lower end of the Eustachian tube. 

(c) The sensory root usually consists of two spheno-palatine branches from the 
maxillary nerve. The majority of the fibres of these roots do not join the ganglion, 
but pass by its inner side and enter the palatine branches. 

Branches.—The branches of the ganglion are orbital or ascending, internal or 
nasal, descending or palatine, and posterior or pharyngeal. 

Ascending branches.—The orbital or ascending branches are two or three 
small twigs which enter the orbit through the inferior orbital (spheno-maxillary) 
fissure and proceed, within the periosteum, to the inner wall of the orbit, where they 
pass through the posterior ethmoidal foramen and through the foramina in the suture 
behind that foramen to be distributed to the mucous membrane which lines the pos- 
terior ethmoidal cells and the sphenoidal sinus. 

Internal branches.— The internal or nasal branches are derived in part from 
the inner side of the ganglion, but are also largely made up of fibres which pass 
from the spheno-palatine branches of the maxillary nerve without traversing the 
ganglionic substance. They are disposed in two sets, the lateral and the medial 


(septal) posterior superior nasal branches. 
The lateral posterior superior nasal branches are six or - small twigs 
whieh pass through the spheno-p: alatine foramen, and are distr x to the mucous 
membrane covering the posterior parts of the superior anq NC nasal conche 
(turbinated bones) (fig. 699). They also furnish twigs to t e membrane of the 
posterior ethmoidal cells. 

The medial posterior superior nasal (septal) br 
pass inwards through the spheno-palatine foramen. 
fossa to reach the back part of the nasal septur 
'The largest nerve of the set, the naso-palatin 
downwards and forwards in a groove in the v Sger etween the periosteum and the mu- 
cous membrane to the incisive (anterior pal: anal, whereit communicates with the 
nasal branch of the anterior superior alveOWwT nerve. The two naso-palatine nerves 
then pass through the foramina of Oe the intermaxillary suture, the left nerve 


, two or three in number, 
sy cross the roof of the nasal 
e the smaller twigs terminate. 
, or nerve of Cotunnius, runs 


passing through the anterior of th (o foramina. In the lower part of the incisive 
(anterior palatine) canal the t form a plexiform communication (formerly 
described as Cloquet’s ganglioi they furnish twigs to the anterior or premaxillary 
part of the hard palate bebit | incisor teeth. In this situation they communicate 
with the anterior palatine nefes. . 

Descending branch The descending branches are the great or anterior, 
the posterior, and 4! iddle (external) palatine nerves. Like the internal set of 
branches, they are “rt derived from the ganglion and in part are directly con- 
tinuous with the :no-palatine nerves (fig. 699). 

The gr ) anterior palatine nerve arises from the inferior angle of 
Meckel's NN n, and passes downwards through the posterior palatine canal, 
accompani by the dde ending palatine artery. Emerging from the canal at 
the greater (posterior) palatine foramen it divides into two or three branches, which 
von ey rds in grooves in the hard palate and supply the glands and mucous mem- 
I t the hard palate and the gums on the inner aspect of the alveolar border of 
(Supper jaw. During its course through the posterior palatine canal the anterior 


^ 
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palatine nerve gives off the posterior inferior nasal nerves. These nerves pass 
through small openings in the perpendicular plate of the palate bone to supply the 
mucous membrane covering the posterior part of the inferior nasal concha (tur- 
binated bone) and the adjacent portions of the middle and inferior meatuses of the 
nose. 

The posterior or small palatine nerve passes downwards through a lesser pala- 
tine foramen (accessory palatine canal), and enters the soft palate, distributing branches 
to that organ, to the uvula, and to the tonsil. : It was formerly believed+to convey 
motor fibres from the facial nerve to the levator palati and azygos uvule, but it is 
now believed that these muscles are supplied by the spinal accessory nerve through 
the pharyngeal plexus (fig. 699). 

The middle (external) palatine nerve, the smallest of the three, traverses a 
lesser palatine foramen and supplies twigs to the tonsil and to the adjacent part of the 
soft palate (fig. 699). 

Posterior branch.—The pharyngeal branch, which is of small size, passes 
backwards and somewhat inwards through the pharyngeal (pterygo-palatine) canal 
accompanied by a branch of the spheno-palatine artery. It is distributed to the mucous 
membrane of the uppermost part of the pharynx, to the upper part of the posterior 

nares, to the opening of the Eustachian tube, and to the lining of the sphenoidal sinus. 


THE Otic GANGLION 

The otic or Arnold’s ganglion is a small reddish-grey body which is associated 
with the mandibular nerve. It lies deeply in the zygomatic fossa, immediately 
below the foramen ovale, on the inner side of the trunk of the mandibular nerve. 
It is in relation internally with the tensor palati, which separates it from the Eusta- 
chian tube. In front of it is the posterior border of the pterygoideus internus, 
and behind it lie the middle and small meningeal arteries. It is compressed 
laterally, and its greatest diameter, which lies antero-posteriorly, is about three 
millimetres. 

Roots.—The ganglion is closely connected with the nerve to the pterygoideus 
internus, through w hich it may receive a motor root from the mandibular nerve. 
Through the small superficial petrosal nerve, which joins the upper and back part 
of the ganglion, it receives a motor root from the seventh A an ux sensory root 
from the ninth nerve. It receives also some root fibres from t UN nerve. The 
sympathetic root is derived from the sympathetie plexus o1 vs e meningeal 


artery. 
Branches.—The communicating branches which "a the ganglion are:— 


(1) The filaments to the chorda tympani; (2) filam to the auriculo-temporal 
nerve; (3) filaments to the spinous nerve (the recur ranch of the mandibular 
nerve). The branches of distribution are musg ranches to the tensor tympani, 


and tensor veli palatini. 


THE Susuaxia Sy GANGLION 


The submaxillary ganglion is NET C From the lingual division of the mandi- 
bular nerve by anterior and poster notes . It is a small reddish body, of tri- 
angular or fusiform shape, which etween the mylo-hyoideus and hyo- -glossus 


and above the duct of the submses gland. 
Roots.—The motor and roots are received from the lingual nerve. The 


motor fibres come from the ta tympani after it has joined the lingual, and the 
sensory fibres come dire@® nthe lingual nerve. The sympathetic root is formed 
by filaments from the SYND hetie plexus on the facial artery. 


Branches.—(a re or six glandular branches are given to the submaxillary 
gland and to WhartarsAluct. 
(b) Branches Ye lingual nerve and the sublingual gland. 


(c) To tha Gis (is membrane of the floor of the mouth. 


N THE SIXTH NERVE—THE ABDUCENS 


ANS ducens on each side arises from the cells of a nucleus which lies in the grey 
&ubsNfice of the floor of the fourth ventricle in the region of the inferior part of the 
The nucleus is situated close to the middle line, v entral to the strize acustieze and 
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beneath the eminentia medialis, and it is in direct linear series with the nuclei of the 
third, fourth, and twelfth nerves. The fibres which pass from the nucleus into 
the sixth nerve run inferiorly and ventralwards through the reticular formation, the 
trapezium, and the pyramidal fibres, and they emerge from the ventral surface of the 
medulla in the sulcus between the lower border of the pons and the upper end of the 
pyramid of the medulla. From this superficial attachment the nerve runs upwards 
and forwards in the subarachnoid space between the pons and the basisphenoid and 
at the side of the basilar artery. A little below the level of the upper border of the 
petrous portion of the temporal bone it pierces the dura mater, passes beneath the 
petro-sphenoidal ligament, at the side of the dorsum sella, and enters the cavernous 
sinus, in which it runs forwards along the outer side of the internal carotid artery. 
At the anterior end of the sinus it passes through the superior orbital (sphenoidal) 
fissure between the heads of the rectus lateralis, below the lower division of the 
oculo-motor nerve, and above the ophthalmic vein. In the orbit it runs forwards on 
the inner or ocular surface of the rectus lateralis, and finally it pierces this muscle and 
ends in its substance. 

While it is in the cavernous sinus it receives communications from the carotid 
plexus of the sympathetic and from the ophthalmic nerve. 


All the fibres arising in the nucleus of the sixth nerve do not pass into the sixth nerve. Some 
of them ascend in the medial longitudinal fasciculus, cross the mid-line, and join the third nerve 
of the opposite side, by which they are conveyed to the opposite internal rectus muscle. Thus 
impulses starting from the sixth nerve nucleus can throw into simultaneous action the external 
rectus of the same side and the internal rectus of the opposite side, and thus turn both eyes in the 
same direction. 

Central Connections.—The nucleus of the sixth nerve is connected with the somesthetic 
area of the opposite side by the pyramidal fibres, and it is associated with the sensory nuclei of 
other nerves by way of the medial longitudinal fasciculus (p. 800). 


THE SEVENTH NERVE—THE FACIAL 


Like the trigeminus, the seventh or facial nerve isa mixed nerve. Each possesses a 
sensory, ganglionated and a motor, non-ganglionated root, but the double con- 
dition of the seventh is somewhat masked by the fusion of the two reots both on the 
inner and on the outer side of the ganglion, which is situated, ther ,on the trunk 
of the nerve. The ganglion is relatively small and its cells giv Nr , of course, to 
only the sensory root or pars intermedia, which is smaller th phe motor root. 

The Motor Root and the Trunk.— The fibres of the modpNportion of the seventh 
nerve spring from a nucleus of cells situated laterally in reticular formation of the 
lower part of the pons, dorsal to the superior olive, a1 ween the root fibres of the 


sixth nerve and the laterally placed spinal tract of ther Neeminus. From this nucleus 
the fibres of the nerve pass medially and dorsa o the floor of the fourth ven- 
tricle and, just under the floor, they turn anter , passing dorsal to the nucleus of 


the abducens (fig. 603, p. 811). At the anter end of this nucleus they turn sharply 
ventralwards and lateralwards, and at this@y t it is claimed that fibres descending 
in the near-by medial longitudinal fascicylus¥fom the nucleus of the oculo-motor nerve 
of the same side become intermingle@/yith the fibres of the facial nerve and pass 


outwards with them. Continuing tralwards through the reticular formation 
the fibres of the facial emerg nehe brain-stem at the inferior border of the 


pons, lateral to the superficiaXQachment of the abducens. At the point of its 
emergence, the facial neryg Kies the pia mater, from which it receives a sheath, 
and then proceeds forwars agit outwards in the posterior fossa of the cranium to the 
internal auditory meatus, Wefch it enters in company with its pars intermedia and with 
the eighth nerve. As Oys in the meatus it is situated above and in front of the eighth 
nerve, from which Ne" Separated by the pars intermedia, and it is surrounded, to- 
gether with the termedia and the eighth nerve, by sheaths of both the arachnoid 
and the duratg&e? and by prolongations of the subarachnoid and sub-dural spaces. 
While it NS the meatus it blends with the pars intermedia and thus the com- 
plete trunk Wi*the facial nerve is formed. At the outer end of the canal the trunk 
pierces de arachnoid and the dura mater and enters the facial canal (aqueduct of 
AN in which it runs forwards and slightly outwards to the hiatus Fallopii, 
WhereNt makes an angular bend, the gen?culum, around the anterior boundary of the 
v&sitpoule, and this bend is enlarged by the formation of the geniculate ganglion in its 
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anterior border. From the geniculum it runs dorsalwards in the facial canal along 
the outer wall of the vestibule and the inner wall of the tympanum, above the fenestra 
vestibuli (ovalis), to the junction of the inner and posterior walls of the tympanic 
cavity; then, bending downwards, it descends in the posterior wall to the stylo- 
mastoid foramen. As soon as it emerges from the stylo-mastoid foramen it turns 
forwards around the outer side of the base of the styloid process, and plunges into 
the substance of the parotid gland, where it divides into its cervico-facial and 
temporo-facial terminal divisions. ; 

The Sensory Root (the pars intermedia or nerve of Wrisberg).—The fibres of the 
sensory root spring from the cells of the geniculate ganglion, whjch is situated in the 
facial canal (aqueduct of Fallopius) immediately behind the hiatus Fallopii. The 
central processes pass inwards in the trunk of the nerve along the facial canal to the 
internal auditory meatus, where they leave the trunk and form the pars intermedia, 
which passes inwards in the meatus and then slightly downwards in the posterior 
fossa of the cranium to the medulla, which it enters immediately below the lower 
border of the pons and between the motor root of the seventh nerve and the entering 
roots of the acoustic nerve. After entering the medulla the fibres pass backwards 


Fig. 704.—D1AGRAM OF THE SEVENTH NERVE. 
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and they terminate in the upper extension 
of the nucleus of termination of afossopharyngeal nerve. The sensory root or 
pars intermedia contains a few, M fibres probably acquired during its blending 


with the motor root. It is NC ofe, somewhat mixed in function. 

The geniculate gangli N mbedded in the anterior border of the geniculum of 
the seventh nerve behiyeht iatus Fallopii. It gives origin to the greater part of the 
pars intermedia or sensgry}root of the seventh nerve. Its anterior angle is connected 
with the great supgsficiat petrosal nerve, and its external angle is connected with 
fibres which after N leave the seventh nerve in its chorda tympani branch (fig. 704). 


43 LINGUAL NERVE 


and inwards in the reticular forma 


k | 
Communic and Branches.—(a) In the internal auditory meatus the 
wiv 


pars interyn es two delicate filaments to the vestibular division of the audi- 
tory ner NN, it is stated that filaments are also given from the facial to the auditory 
artery NAAND the temporal bone. 


(bX InXhe facial canal five important branches are given off, and a communica- 
tjo ceived from the sympathetic on the middle meningeal artery. 
` ) Xhe Great Superficial Petrosal Nerve has been described in detail as a root 
et Ye spheno-palatine ganglion (p. 972). It arises from the geniculate ganglion of the 
venth nerve, enters the middle fossa of the cranium through the hiatus Fallopii, 
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and passes beneath the semilunar (Gasserian) ganglion into the foramen lacerum, 
where it joins with the great deep petrosal nerve to form the Vidian nerve. A large 
part of this nerve consists of sensory fibres, but it is possible that it may also contain 
motor fibres. 

(2) A branch of communication passes from the geniculum to join the small 
superficial petrosal nerve in the substance of the temporal bone. The fibres in this 
communicating branch do not appear to be connected with the cells of the geniculate 
ganglion (fig. 704). 

(3) The Nerve to the Stapedius is given off from the facial as it descends in the 
posterior wall of the tympanum behind the pyramid. 

(4) The Chorda Tympani consists to a very large extent of fibres which are con- 
nected with the cells of the geniculate g ganglion, but it also contains some motor 
(probably secretory) fibres; it is, therefore, a mixed nerve. It leaves the trunk of 
the seventh nerve a short distance above the stylo-mastoid foramen, and pursues a 
slightly recurrent course upwards and forwards in the canaliculus chorde tympani 
(iter chord posterius), a minute canal in the posterior wall of the tympanic cavity, 
and it enters that cavity close to the posterior border of the membrana tympani. It 
erosses the cavity, running on the inner surface of the tympanie membrane at the 
junction of its upper and middle thirds, ensheathed in mucous membrane, and passes 
to the inner side of the manubrium of the malleus above the tendon of the tensor 
tympani. It leaves the tympanic cavity and passes to the base of the skull through 
a small foramen (the iter chorde anterius) at the inner end of the petro-tympanic 
(Glaserian) fissure. At the base of the skull it inclines downwards and forwards on 
the inner side of the spine of the sphenoid, which it frequently grooves, and, on the 
inner side of the pterygoideus externus, it joins the posterior border of the lingual 
nerve at an acute angle. Some of its fibres leave the lingual nerve and pass to the 
sub-maxillary ganglion, and others are continued forwards to the tongue. The fibres 
connected with the tongue are probably afferent fibres associated with the sense of 
taste, and they are processess of the cells of the geniculate ganglion. Before it joins 
the lingual nerve the chorda tympani receives a communicating twig from the otic 
ganglion (figs. 704, 707). 

(5) Usually present is a communicating twig to the vagus, given off at the 
same level as the chorda tympani, and joining the auricular branch of the pneumo- 
gastric. While the latter twig is traversing the substance of the,f&mporal bone, 
it usually receives a filament, the external superficial petr » which passes 


through the hiatus Fallopii and connects the geniculate ga with the sym- 
pathetic plexus on the middle meningeal artery. 

(c) After it leaves the skull the seventh nerve gives wo or three collateral 
branches and two terminal divisions. The collateral es are the posterior 
auricular nerve, a branch to the posterior belly of tl fastric, and sometimes a 
lingual branch. The terminal divisions are the ro-facial and cervico-facial. 

(1) The posterior auricular nerve is the firs Ih of the extracranial portion 


of the facial (fig. 705). It passes between the¢pateefd gland and the anterior border 
of the sterno-mastoid muscle and runs upy x in the deep interval between the 
external auditory meatus and the mask Qe cess. In this situation it communi- 
cates with the auricular branch of the véfps. It supplies the auricularis posterior, 
sends a slender twig upwards to the aris superior, and ends in a long slender 
branch, the occipital branch, w NO ys backwards to supply the occipitalis. It 
also receives filaments from. th occipital and great auricular nerves, and 
supplies the intrinsic muscles o NOT surface of the pinna. 

(2) The nerve to the ior belly of the digastric arises from the facial 
nerve close to the stylo-m&gtgld foramen and enters the muscle near its centre, or 
sometimes near its origi usually gives off two branches: the nerve to the stylo- 
hyoid, which somete directly from the seventh nerve and passes to the upper 
part of the muscle it supplies, and the anastomotic branch, which joins the 
glosso- pharynge: Te below its petrous ganglion. 

i branch, first described by Cruveilhier, is not commonly present. 
elow the nerve to the stylo-hyoideus and runs downwards and in- 
Jase of the tongue. In its course it passes to the inner sides of the 
į and stylo-pharyngeus, and runs downwards along the anterior border of 
nfüscle to the wall of the pharynx. It pierces the superior constrictor, in- 


thes 
singes itself between the tonsil and the anterior pillar of the fauces, and it is stated 
62 


stylo 


978 THE NERVOUS SYSTEM 
that it gives filaments to the base of the tongue and to the stylo-glossus and glosso- 
palatinus (palato-glossus). 

The Terminal Divisions.—In the substance of the parotid gland the two terminal 
divisions of the facial nerve lie superficial to the external carotid artery and to the 
posterior facial (temporo-maxillary) vein. The way in which these terminal divisions 
give off their branches varies much in different subjects and often on the opposite 
sides of the same subject. One of the more common methods is here described. 

The temporo-facial or upper division runs upwards and forwards, and, after 
receiving communicating twigs from the auriculo-temporal nerve, gives off temporal 
and zygomatic (malar) branches. The cervico-facial or lower division runs down- 
wards and forwards, receives branches of communication from the great auricular 


| Fig. 705.—SvuPERFICIAL DISTRIBUTION OF THE FACIAL AND OTHER NERVES OF 
| THE HEAD. (After Hirschfield and Leveillé.) 
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nerve, and gives off— ccal branches, comprising what have been called infra- 
orbital and Du chem (2) the marginal mandibular (supra-mandibular) 
branch; and (3) amus colli (infra-mandibular branch). "These branches from 
the two termin visions anastomose freely to form the parotid plexus (pes 
anserinus).e 
The 1 branches passing upwards communicate freely with each other and 
with theWwWbmatie branches. They also communicate with the zygomatico-tem- 
poral anch of the zygomatic nerve (the orbital branch of the maxillary nerve) and 
supra-orbital nerve. They supply the frontalis, orbieularis oculi, corrugator 
ilit, and auricularis anterior and superior (fig. 705). 
The zygomatic (malar) branches passing upwards and forwards, communicate 


c 


THE ACOUSTIC NERVE 979 


with the buccal branches of the seventh nerve; with the zygomatico-facial branch 
of the zygomatie nerve (the orbital branch of the maxillary nerve); with the supra- 
orbital and lachrymal branches of the ophthalmie nerve, and with the palpebral twigs 
of the maxillary. They supply both eyelids and the orbicularis oculi and zygomaticus 
(fig. 705). 

The buccal (infra-orbital and buccal) branches arise sometimes from the 
lower terminal division and sometimes from both the upper and the lower terminal 
divisions. The buccal branches, passing forwards upon the masseter and underneath 
the zygomaticus and quadratus labii superioris, anastomose with the zygomatic and 
marginal mandibular (supra-mandibular) branches of the seventh nerve, with the 
buccinator (long buccal) branch of the fifth nerve, and with the terminal branches of 
the maxillary nerve, forming with the last-named nerve the infra-orbital plexus. 
They supply the zygomaticus, risorius, quadratus labii superioris, caninus, buccin- 
ator, incisivi, orbicularis oris, triangularis, quadratus labii inferioris, and the muscles 
of the nose (fig. 705). 

The marginal mandibular (supra-mandibular) branch, passing downwards 
and forwards under cover of the risorius and the depressors of the lower lip, com- 
munieates with the buccal branches and with the ramus colli of the facial nerve, and 
with the mental branch of the mandibular nerve. It supplies the quadratus labii 
inferioris and mentalis. 

The ramus colli (infra-mandibular branch) runs downwards and forwards 
under cover of the platysma, which muscle it innervates (fig. 705). Beneath the 
platysma it forms one or*more communicating loops, near its commencement, with 
the great auricular nerve, and longer loops, lower down, with the superficial cervical 
nerve. 


Central Connections.— The superior extension of the nucleus of termination of the sensory 
portion of the glosso-pharyngeal nerve, in which the fibres of the pars intermedia of the facial 
terminate, is associated with the somesthetic area of the cortex cerebri by the medial lemniscus 
(fillet) of the same and opposite sides, and with the motor nuclei of the other cranial nerves by 
the medial longitudinal fasciculus. The motor nucleus (nucleus of origin) of the facial is asso- 
ciated with the somesthetic area (lower third of the anterior central gyrus) by way of the pyr- 
amidal fasciculi of the same and opposite sides, and with the nuclei of the other cranial nerves 
by way of the medial longitudinal fasciculus. 


THE EIGHTH NERVE—THE ACOUSTIC OR 4 coe 


Two distinct sets of fibres are contained in each acoustffNefve considered as a 
whole. They comprise the vestibular and cochlear diviSoWs of the nerve, which 
could be well considered as separate cranial nerves. 4DQtM Uivisions are purely sen- 
sory in nature, that is, they are composed of affergajNgDres, but, since both their 
peripheral distribution and their central conn Med are different, they must be 
described separately. They are distinct at ei] Mperficial attachment to the 
lateral aspect of the medulla oblongata at th§inféfior margin of the pons, the vesti- 
bular division being medial and ventral to C) estiform body and just lateral to the 
pars intermedia of the facial, while the coar division is more lateral and arches 
around the dorsal surface of the restifc body. However, from near the medulla 
to the bottom of the internal aco (auditory) meatus the two divisions are 
1runs outwards, anteriorly, and upwards, in 
he internal auditory artery, which course along 
Y enclosed with it in a sheath of connective tissue. 
At the bottom of the intérnaMfuditory meatus the nerve is again separated into its 
two divisions, the vestibulssAibove and the cochlear below. 

The vestibular dision or nerve.—The fibres of the vestibular division are dis- 
tributed to the utrz« Nf, the sacculus, and to the ampulle of the three semicircular 
canals. None o Q terminate in the cochlea, and therefore they are not con- 
sidered auditqQftqNn Yunction, but rather as having to do with the phenomena of equili- 
bration or Nie of position of the body. In the internal auditory meatus the 
vestibular dNQXion is connected by small filaments with the pars intermedia of the 
facial negķe, both giving fibres to and probably receiving fibres from the gehiculate 
gang t the bottom of the meatus there is interposed in the vestibular division 
it&gartlion of origin, the vestibular ganglion (ganglion of Scarpa). Unlike the 

ry spinal ganglion, to which it corresponds, the vestibular ganglion consists 
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of bipolar cells, or cells which give off their central and peripheral processes directly 
from opposite sides of the cell-body. The central fibres (axones) enter the medulla 
oblongata. 

The peripheral fibres from the vestibular ganglion separate into an upper and a 
lower branch. The upper or utriculo-ampullar branch divides into the following 
terminal branches:— t 

(1) The utricular branch passes through the superior macula cribrosa of the 
vestibule and terminates in the macula acustica of the utriculus. 

(2) Accompanying the utricular branch through the superior macula cribrosa 
is a branch, the superior ampullar, to the crista acustica of the ampulla of the supe- 
rior semicireular eanal, and— 

(3) A similar branch, the lateral ampullar, to the ampulla of the lateral semi- 
cireular canal. 

The lower or sacculo-ampullar branch accompanies the cochlear division a short 
distance further than the upper, and divides into— 

(1) A branch, the posterior ampullar, which passes through the foramen singu- 
lare and the inferior macula cribrosa and terminates in the ampulla of the posterior 
semicireular canal, and— 

(2) A branch, the saccular, which passes through the middle macula cribrosa 
and terminates in the macula acustica of the sacculus. 


The central connections of the vestibular division are described in detail on pages 805, 806. 
Its large nucleus of termination, spread through the area acustica in the floor of the fourth 
ventricle, and divided into four sub-nuclei, is associated with the nuclei fastigii, globosus, and 
emboliformis of the cerebellum, with the nuclei of the eye-moving nerves, with the spinal cord, 
and probably with the cerebral cortex. 


The cochlear division or nerve.—The fibres of this division are distributed to 
the organ of Corti in the cochlea, and so are considered as comprising the auditory 
nerve proper. They arise from the long, coiled spiral ganglion of the cochlea, the 
cells of which are likewise bipolar. The peripheral fibres of these cells (dendrites) are 
shorter than those of the vestibular ganglion. They terminate about the auditory or 
hair-cells of the organ of Corti and thus collect impulses aroused by stimuli affecting 
these cells. The central fibres of the ganglion continue the central course through the 
modiolar canal and the tractus spiralis foraminosus of the codhlea, and thence, 
joining the vestibular division through the internal auditor S. is, they enter the 
brain-stem to terminate in their dorsal and ventral nuclei XN leScription of these 
nuclei and the further central connections of the cochlea he superior olive, the 
nuclei of the eye-moving nerves, the inferior quadrigeny bodies, the medial geni- 
culate bodies, and with the cerebellum and temporal f the cerebral hemispheres 
is given on pages 806, 807. x 


THE NINTH e mg GPS ran NCL 
The glosso-pharyngeal nerves are mix rves and each is attached to the medulla 
by several roots which enter the postéwÓ-lateral sulcus, a short distance behind 
the olivary body and in direct line wilfphe facial nerve. 


The filaments, when traced ards, are seen to blend, in front of the 
flocculus, into a trunk which Ye Ant of the tenth nerve, but which passes through 
a separate opening into the noid and the dura mater and through the jugular 


a groove on the petro ion of the temporal bone, and in this situation two 
ganglia are interposed , a superior or jugular, and an inferior or petrous. After 
it emerges from gular foramen the glosso-pharyngeal nerve descends at first 
between the intgreaW* carotid artery and the internal jugular vein and to the outer side 
of the vagus; | bending forwards and inwards, it descends internal to the sty- 

Saf the muscles arising from it, and turning around the lower border of the 


foramen. In the fo qus trunk lies in front and outside of the tenth nerve in 
s ppl 


loid procesg 
stylo-pl Nus it passes between the internal and the external carotid arteries, 
crosses th Superficial surface of the stylo-pharyngeus, and runs forwards and up- 
wards\nternal to the hyoglossus muscle and across the middle constrictor and the 
sei ojh yid ligament, to the base of the tongue (fig. 707). 
Nanglia.—The superior or jugular ganglion or ganglion of Ehrenritter, is a 
all, ovoid, reddish-grey body which lies on the back part of the nerve-trunk in the 


oF” 


ganglion. The principal and most constant of these 
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upper part of the jugular foramen. No branches arise from it. It is sometimes con- 
tinuous with the petrous ganglion or it may be absent. 

The inferior or petrous ganglion, or ganglion of Andersch, is an ovoid grey body 
which lies in the lower part of the jugular foramen, and appears to include all the 
fibres of the nerve. 

Communications.—(1) The petrous ganglion is connected with the superior 
cervical ganglion of the sympathetic by a fine filament. 

(2) It also has a filament of communication with the auricular branch of the vagus 
which varies inversely in size with the latter nerve and sometimes entirely replaces 
it. This filament may be absent. 

(3) An inconstant communication with the ganglion of the root of the vagus. 

(4) A short distance below the petrous ganglion the trunk of the nerve is connected 
by a twig with that branch of the seventh nerve which supplies the posterior belly 
of the digastrie muscle. 

Branches.—(a) From the petrous ganglion: The tympanic branch, or nerve 
of Jacobson, arises from the petrous ganglion and passes through a foramen, which lies 
in the ridge of bone between the c: arotid canal and the jugular fossa, into the tympanic 
canaliculus (Jacobson’s canal), where it is surrounded by a small, fusiform mass 
of vascular tissue, the intwmescentia tympanica. After traversing the tympanic 
canaliculus it enters the tympanum at the junction of its lower and inner walls, and, 
ascending on the inner wall, breaks up into a number of branches which take part 
in the formation of the tympanic plexus on the surface of the promontory. The 
continuation of the nerve emerges from this plexus as the small swperficial petrosal 
nerve, which runs through a small canal in the petrous portion of the temporal bone, 
beneath the canal for the tensor tympani, and appears in the middle fossa of the cra- 
nium through a foramen which lies in front of the hiatus Fallopii. From this foramen 
it runs forwards and passes through the foramen ovale, the canaliculus innominatus, 
or the spheno-petrosal suture, and enters the zygomatie fossa, where it joins the otic 
ganglion. While it is in the can: ul in the temporal bone the small superficial petrosal 
nerve is joined by a branch from the geniculate ganglion of the facial nerve. 

(b) Branches from the plexus i 1) The tubal branch, a delicate branch, which 
runs forwards to the mucous membrane of the tuba auditiva (Eustachian tube) and 
sends filaments backwards to the region of the fenestra vestibuli (ovalis) and the 
fenestra cochlez (rotund: i). 

(2) The superior and inferior carotico-tympanic (carat anches pass 
medianwards to the internal carotid plexus. 

(c) From the trunk of the nerve :—(1) Pharyngeal b 
two or three in number, arise from the nerve a short di 


es, which may be 
e below the petrous 
es on the outer side of 
the internal carotid artery, and after a very short iiW@p€ndent course joins with 
the pharyngeal branch of the vagus and with brgag of the superior cervical gan- 
glion to form the pharyngeal plexus (fig. 707). 

(2) A muscular branch is distributed the^stylo-pharyngeus muscle. This 
branch receives a communication from the fg, nerve (fig. 707). 

(3) The tonsillar branches are a numbWbf small twigs which arise under cover 


of the hyo-glossus muscle; they proceed the tonsil, around which they form a plexus, 
the circulus tonsillaris. From thi &us fine twigs proceed to the pillars of the 


fauces and to the soft palate. 

(4) The lingual branches % om the termination of the nerve and supply the 
mucous membrane of the Piaf uw half of the dorsum of the tongue, where, chiefly 
as taste-fibres, they are diftrimwted to the vallate papille. Some small twigs pass 
backwards to the Du ands of the tongue, and to the anterior surface of 
the epiglottis. Othe v Oy are distributed around the foramen cecum, where they 
communicate with th o 'esponding twigs of the opposite side. 

The Sensory ND s.— The sensory fibres of the ninth nerve spring from the 
superior INS QNS gansta and pass peripherally and centrally. The peripheral 
fibres of tl ce cells are those which are distributed to the mucous membrane 
of the ton NN NS pharynx, and the central fibres pass inwards to the medulla. In 
the medy a they pass dorsalwards and medianwards through the reticular formation 
and, ey ting into ascending and descending branches, they end in the nucleus of 
texmiM Aon of the ninth nerve, that is, in the upper part of the nucleus ale cinereæ 
To the nucleus of the tractus solitarius. 


.AQ 
NV 


982 THE NERVOUS SYSTEM 


The Motor Fibres arise from the nucleus ambiguus in the lateral column of the 
medulla, in line with the motor nucleus of the facial nerve. From this nucleus they 
pass at first dorsalwards and then, turning lateralwards, they emerge and join the 
sensory fibres and run with them in the trunk of the nerve (fig. 598). 


Van Gehuchten's observations point to the conclusion that one motor nucleus of the ninth 
nerve is separate from and lies above and to the medial side of the nucleus ambiguus, and that 


a portion of the nucleus of the ala cinerea is also a motor nucleus common to the ninth and tenth 
nerves. 


Central Connections.— The nuclei of termination of the ninth nerve are connected with the 
motor nuclei of other cranial nerves by the medial longitudinal fasciculus, and with the som- 
esthetic area of the cortex cerebri by the medial lemniscus (fillet). The motor nucleus of the 
ninth nerve is associated with the somesthetic area by the pyramidal fibres. 


THE TENTH NERVE—THE VAGUS OR PNEUMOGASTRIC 


The vagus or pneumogastric nerves are the longest of the cranial nerves, and they 
are remarkable for their almost vertical course, their asymmetry, and their exten- 
sive distribution, for, in addition to supplying the lung and stomach, as the name 
‘pneumo-gastric’ indicates, each nerve gives branches to the external ear, the phar- 
ynx, the larynx, the trachea, the cesophagus, the heart, and the abdominal viscera. 
Each nerve is attached to the side of the medulla, in the postero-lateral sulcus, be- 
hind the olivary body, by from twelve to fifteen root filaments which are in linear 
series with the filaments of the glosso-pharyngeal nerve. The filaments pierce the 
pia mater, from which they receive sheaths, and, traced outwards, they pass into the 
posterior fossa of the cranium towards the jugular foramen and unite to form the 
trunk of the nerve, which passes through openings in the arachnoid and the dura 
mater which are common to it and to the eleventh nerve. In the jugular foramen a 
small spherical ganglion, the jugular ganglion, is interposed in the trunk of the nerve, 
which here turns at right angles to its former course and descends through the neck. 
As it leaves the jugular foramen it is joined by the internal or accessory portion of the 
eleventh nerve, and immediately below this junction it enters a large ovoid ganglion, 
the ganglion nodosum or ganglion of the trunk (fig. 707). As it descends through the 
neck the nerve passes ventral and somewhat lateral to the superigr cervical sympa- 
thetic ganglion, and in front of the longus capitis and longus from which it is 
separated by the prevertebral fascia. Tn the upper part of k it is placed be- 
tween the internal carotid artery and the internal jugular v e nd on a plane dorsal 
to them, the artery being v entral and mesial, and the veig 'alandlateral. Inthe 
lower part of the neck it occupies a similar position i «rd to the common carotid 
artery and the internal jugular vein, and the threqag\uptures are enclosed in a com- 
mon sheath derived from the deep cervical fasci within the sheath each struc- 
ture occupies a separate compartment (fig. In the root of the neck and in 
the thorax the relations of the nerves of hen sides of the body differ somewhat, 
and they must, therefore, be considered Kpa rately. 

The right vagus passes in front of irst part of the right subclavian artery 
in the root of the neck and then descems in the thorax, passing obliquely down- 
wards and backwards on the righ Eo trachea, and behind the right innominate 
vein and the superior vena cava the back of the root of the right lung. Just 
before it reaches the right b Qj sft, lies close to the inner side of the vena azygos 
as the latter hooks forwarc NN r the root of the lung. At the back of the right 
bronchus the right vagus (brp2ks up into a number of branches which anastomose 
with the branches of tfe sypfpat hetit to form the right posterior pulmonary plexus, 
and from this plexus it'Wefües in the form of one or more cords which descend on the 
cesophagus and ls: &eup into branches which anastomose with branches of the left 
vagus, forming N posterior œsophageal plexus. At the lower part of the 
thorax fibres ns plexus become again associated in one trunk which passes 


through SS phragm on the posterior surface of the cesoph: did and is distributed 
Y surface of the stomach and to the cœliac (solar) plexus and its offsets. 

dbi descends through the root of the neck between the carotid and 

ag N artéries and in front of the thoracic duct. In the upper part of the 
mediastinum it is crossed in front by the left phrenic nerve, and in the lower 

O. the same region it crosses in front of the root of the subclavian artery and 
DR, of the aorta and behind the left superior intercostal vein. Below the aortic 


to ae 


= 
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arch it passes behind the left bronchus and divides into branches which unite with 
twigs of the sympathetic to form the left posterior pulmonary plexus. From this 
plexus the fibres of the left vagus issue as one or more cords that break up into 
anastomosing branches to form the anterior esophageal plexus. At the lower part 


Fia. 706.—DIAGRAM OF THE BRANCHES OF THE VAGUS NERVES. 


- AURICULAR BRANCH 
" MENINGEAL BRANCH 
- GANGLION OF ROOT 


GLASSO-PHARYNGEAL NERVE ... 
Internal carotid artery ... 
SPINAL ACCESSORY 
NERVE 
HYPOGLOSSAL NERVE 
LOOP BETWEEN FIRST 
TWO CERVICAL NERVES 
GANGLION OF TRUNK 


SYMPATHETIC SUPERIOR CERVICAL GANGLION -- 


External carotid artery *--T[- 


“SUPERIOR LARYNGEAL NERVE 


S777 
AAY 
^ UP “LEFT VAGUS 
b A 1 


Hij 
M-J- SUPERIOR CERVICAL CARDIAC BRANCH 


RIGHT VAGUS ~~ 


RECURRENT NERVE 


CARDIAC BRANCH FROM ....\X hg i 
RECURRENT NERVE NB Xo 19/7. E INFERIOR CERVICAL CARDIAC BRANCH 


THORACIC CARDIAC BRANCH ~~ 
(RIGHT VAGUS) 
- RECURRENT NERVE 
CARDIAC BRANCH FROM RECURRENT 
NERVE 


i ANTERIOR PULMONARY YUS 
`> POSTERIOR PETTAN om US 


AALAN 


.. RENAL 
PLEXUS 


LEFT GASTRIC 
s BRANCHES 

" RIGHT GASTRIC 
BRANCHES 


* 


S 


of the rax this plexus becomes a single trunk, which passes through the 


dia, Nga on the anterior surface of the oesophagus, and it is distributed to the ante- 
he stomach and to the liver. 


COELIAC PLEXUS iw 


TioPwuriace of t 


e Jugular Ganglion (Ganglion of the Root) isa spherical grey mass about five 


SPLENIC PLEXUS 
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millimetres in diameter which lies in the jugular foramen (fig. 706). It is connected 
with the spinal accessory nerve and with the superior cervical sympathetic ganglion, 
and it gives off an auricular branch, by means of which it becomes connected with the 
facial and glosso-pharyngeal nerves, and a recurrent meningeal branch. 

The Ganglion Nodosum (Ganglion of the Trunk) lies below the base of the skull 
and in front of the upper part of the internal jugular vein. It is of flattened ovoid 
form and about seventeen millimetres long and four millimetres broad (figs. 706 and 
707). It is connected with the accessory part of the eleventh nerve, with the twelfth 
nerve, with the superior cervical ganglion of the sympathetic, and with the loop 
between the first two cervical nerves, and it gives off a pharyngeal, a superior laryn- 
geal, and a superior cardiac branch. 

Communications.—The vagus nerve is connected with the ninth, eleventh, and 
twelfth nerves, with the sympathetic, and with the loop between the first and second 
cervical nerves. 

(1) Two communications exist between the tenth and ninth nerves: one between 
their trunks, just below the base of the skull, and one, in the region of their ganglia, 
consisting of one or two filaments. When two filaments are present one passes from 

the jugular g ganglion and the POBRE from the auricular nerve to the petrous ganglion 
of the losso- phar yngeal nerve. Either or both of these filaments may be absent. 

(2) Two twigs pass from the eleventh nerve to the ganglion nodosum, and at & 
lower level the accessory part of the eleventh nerve also joins the same ganglion 
(fig. 706). The majority of the fibres of the accessory part of the eleventh nerve 
merely pass across the surface of the ganglion and are continued into the pharyngeal 
and superior laryngeal branches of the vagus, but a certain number blend with the 
trunk of Rt vagus and are continued into its recurrent laryngeal and cardiac branches. 

(3) Two or three fine filaments connect the ganglion nodosum with the twelfth 
nerve as the latter turns around the lower part of the ganglion (fig. 706). 

(4) Fibres pass from the superior cervical ganglion of the sympathetic to both 
ganglia of the vagus (fig. 706). 

(5) A twig sometimes passes from the loop between the first two cervical nerves 
to the ganglion nodosum (fig. 706). 

Terminal Branches.—These are the meningeal, auricular, pharyngeal, superior 
laryngeal, inferior laryngeal, cardiac, bronchial, pericardial, oesophageal, and the ab- 
dominal branches. 

(1) The meningeal or recurrent branch is a slender SS which is given 
off from the jugular ganglion. It takes a recurrent coi rough the jugular 
foramen, and is distributed to the dura mater around tl isverse (lateral) sinus. 

(2) The auricular branch, or nerve of nch QY ar rom the jugular ganglion 
in the jugular foramen. It. receives a branch RS e dpud ganglion of the 

glosso-pharyngeal, enters the petrous part of t Quen bone through à fora- 
men in the outer wall of the jugular fossa, Seren t with the facial nerve 
or merely lies in contact with it as far as (he kt o-mastoid foramen. It usually 
leaves the temporal bone by the stylo-maSoid foramen, but it may pass through the 
tympano-mastoid fissure, and it divides ind the pinna, into two branches, one of 
which joins the posterior auricular bran of the facial while the other supplies sen- 
sory fibres to the posterior and infer Gaspar of the external auditory meatus and the 
back of the pinna. It also suppli os to the osseous part of the external auditory 
meatus and to the lower part of er surface of the membrana tympani. 

(3) The pharyngeal ya's may be two or three in number. The principal 
of these joins the phar A QD) »ranch of the glosso-pharyngeal on the outer surface 
of the internal carotid Arta and after passing with the latter internal to the exter- 
nal earotid artery it t downwards and inwards to reach the posterior aspect 
of the pharynx. Nee lan two nerves are joined by branches from the superior cervi- 
'al ganglion a iN vi mpathetie, with which they form the pharyngeal plexus 
(figs. 706 and A Branches from this plexus supply sensory fibres to the mucous 
membrane? N pharynx and motor fibres to the constrictores pharyngis, levator 


palatini NN , glosso-palatinus, and pharyngo-palatinus. 

(4) TN uperior laryngeal nerve arises from the lower part of the ganglion 
nodogu\n, and passes obliquely downwards and inwards behind and internal to both 
NC: ind external carotid arteries towards the larynx. In this course it describes 

fe with the convexity downwards and outwards and divides into (1) a larger in- 
nal and (ii) a smaller external branch (fig. 706). Before its division it is joined 
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by communications from the sympathetic and from the pharyngeal plexus, and it 
gives a small branch to the internal carotid artery. 

(a) The internal branch accompanies the superior laryngeal artery to the inter- 
val between the upper border of the thyreoid cartilage and the great cornu of the 
hyoid bone. It passes under cover of the thyreo-hyoid muscle and pierces the hyo- 
thyreoid membrane to gain the interior of the pharynx, where it lies in the outer 
wall of the sinus piriformis and divides into a number of diverging b ranches. The 
ascending branches supply the mucous membrane on both surfaces of the epiglottis, 
and probably that of a small part of the root of the tongue. The descending branches 
ramify in the mucous membrane lining the larynx, and supply the mucous membrane 
which covers the back of the cricoid cartilage. One of the descending branches 
passes downwards on the internal muscles of the larynx to anastomose with the ter- 
minal part of the inferior (recurrent) laryngeal nerve. 

(b) The external branch runs downwards on the inferior constrictor to the lower 
border of the thyreoid cartilage, where it ends, for the most part, in the crico-thyreoid- 
eus. A few filaments pierce the crico-thyreoid membrane and are distributed to the 
membrane lining the larynx. It occasionally gives off a cardiac branch which joins 
one of the cardiac branches of the sympathetic; it also furnishes twigs to the inferior 
constrictor, and communicating twigs to the pharyngeal plexus, and it receives a com- 
munication from the superior cervical ganglion of the sympathetic. 

(5) The recurrent (inferior or recurrent laryngeal) nerve of the right side 
arises at the root of the neck in front of the first stage of the right subclavian artery. 
It hooks around the artery, passing below and then behind that vessel, and runs 
upwards and slightly inwards, crossing obliquely behind the common carotid artery 
(fig. 706). Having gained the side of the trachea, it runs upwards in the groove 
between that canal and the cesophagus, accompanied by branches of the inferior 
thyreoid artery, and, near the level of the lower border of the cricoid cartilage, be- 
comes the inferior laryngeal nerve. In its course the recurrent nerve gives off branches 
to the trachea, œsophageal branches to the cesophagus and pharynx, and, near its 
commencement, one or more inferior cardiac branches. It communicates with the 
inferior cervical sympathetic ganglion and with the superior laryngeal nerve. 

The inferior laryngeal nerve, the continuation of the recurrent, ascends between 
the trachea and œsophagus, enters the larynx under cover of the inferior constrictor 
of the pharynx, and divides into two branches, anterior and poste The anterior 
branch passes upwards and forwards on the crico-arytenoideusygXgrajis and thyreo- 
arytsnoideus, and supplies these muscles and also the Qi lis, aryteenoideus 
obliquus, ary-epiglottieus, and thyreo-epiglotticus. The @gerior branch, passing 
upwards, supplies the crico-aryteenoideus posterior and a€Wxnoideus obliquus, and 
anastomoses with the internal branch of the superior jan 

On the left side the recurrent nerve arises in fra the aortic arch and winds 
around the concavity of the arch lateral to the li Anjum arteriosum. It crosses ob- 
liquely behind the root of the left common cart preery, gains the angular interval 
between the cesophagus and trachea, and grré8fonds with the nerve of the right 
side in the remainder of its course and disturwWon (fig. 706). 

(6) Cardiac branches.—Of these, theke/are two sets, the superior and inferior. 
| All the branches of both sets pass e Qy deep part of the cardiae plexus except a 
superior branch on the left side tl fsses to the superficial part of the cardiac 
| plexus. 
| (a) The superior (superi inferior cervical) cardiac nerves arise from 
i the vagus and its branches 1eck (figs. 706 and 718). Some of these branches on 
| both sides join with th Nc branches of the sympathetic in the neck and pass 
| 
| 
| 


rf 


with them to the cardiac We&us. Some on the right side pass independently through 
the thorax to the deny of the cardiac plexus, and a branch on the left side passes 
through the thorace the superficial part of the cardiac plexus. 

(b) The inf (thoracic) cardiac branches.— These branches on the right 
side arise 1 d ¥rom the recurrent nerve and in part from the main trunk of the 
1 vagus, whe NN »e left side they usually arise entirely from the recurrent. All these 
| branches p&Sto the deep part of the cardiac plexus (figs. 706 and 718). 

ý ve bronchial (pulmonary) branches are anterior and posterior (fig. 706). 
anterior bronchial (pulmonary) branches consist of a few small 
s which arise at the upper border of the root of the lung. They pass for- 


n 
is to gain the anterior aspect of the bronchus, where they communicate with the 
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sympathetic and form the anterior pulmonary plexus, from which fine twigs pass 
along the bronchus. 

(b) The posterior bronchial (pulmonary) branches.—Almost the entire re- 
maining trunk of the nerve divides into these branches, which communicate with 
branches from the second, third, and fourth thoracic ganglia of the sympathetic to 
form the posterior pulmonary plexus (fig. 706). The plexuses of the two sides 
communieate freely behind the bifurcation of the trachea, and branches from the 
plexus pass along each bronchus into the lung. 

(8) The pericardial branches pass from the trunk of the vagus or from the bron- 
chial or cesophageal plexuses to the anterior and posterior surfaces of the pericardium. 

(9) CEsophageal branches, given off by the trunk of the nerve above the bron- 
chial plexuses and from the cesophageal plexuses lower down, pass to the wall of the 
cesophagus. 

(10) Abdominal branches.—The terminal part of the left vagus divides into many 
branches, some of which communicate freely along the lesser curvature of the stomach 
with filaments from the gastric plexus of the sympathetic, and to some extent with 
branches of the right vagus, to form the elongated anterior gastric plexus (fig. 706). 
From this plexus as well as from the nerve-trunk, gastric branches are given to the 
anterior surface of the stomach. Hepatic branches from the trunk or from this 
plexus pass in the lesser omentum to the hepatic plexus (fig. 706). The terminal 
part of the right vagus divides into many branches, and forms along the lesser 
curvature of the stomach an elongated posterior gastric plexus by communications 
with branches from the gastric plexus of the sympathetic and with branches from 
the right vagus. Gastric branches are given off by the trunk of the nerve and 
from this plexus. Coeliac branches are given by the trunk to the cceliac (solar) 
plexus, and splenic and renal branches, either directly or through the cceliac 
(solar) plexus, are given to the splenic and renal plexuses (fig. 706). 

The Sensory Fibres of the vagus are processes of the cells of the jugular ganglion 
and the ganglion nodosum. The dendrites of the cells pass peripherally and the 
axones centrally. The latter enter the medulla in the filaments of attachment in 
the postero-lateral sulcus, and, in the reticular formation, they bifurcate into ascend- 
ing and descending branches which end in the nuclei of termination of the vagus, 
namely, in the nucleus ale cinere: in the floor of the fourth ventricle and in the 
nucleus tractus solitarii. N 

The Motor Fibres spring from the nucleus ambiguus andy? e sensory fibres 
in the reticular formation. Qy 


Central Connections.—The central connections of the vaguSare similar to those of the 
glosso-pharyngeal nerve (fig. 598). Van Gehuchten’s observa(@\Npoint to the conclusion that a 
part of the nucleus of the ala cinerea is à motor nucleus POMA to the ninth and tenth nerves, 
and that the only nucleus of termination of the tenth ww is that of the tractus solitarius. 


By way of the tractus solitarius, the sensory fibres c us are probably associated with the 
cells of the cervical segments of the spinal cord whia g 'éeorigin to the phrenic nerve and to 
motor fibres supplying other muscles of respirag¢on. 


THE ELEVENTH N E HA SPINAL ACCESSORY 


The spinal accessory nerve is sively motor. It consists of two parts, the 
accessory or superior, and the q inferior part. 

The fibres of the accesso superior portion spring chiefly from the nucleus 
ambiguus, in common wj O otor fibres of the vagus, and they pass through the 
reticular formation to (ente suleus of the medulla, where they emerge 
as a series of filaments, Diiefw those of the vagus. The filaments pierce the pia mater 
and unite, as they j outwards in the posterior fossa of the cranium, to form a 
trunk which entep aperture in the dura mater common to the tenth and eleventh 
nerves. In th ture this trunk is joined by the spinal portion of the nerve. 

The spi inferior portion arises from the ventro-lateral cells of the ventral 
horn of NN d. as low as the fifth, and rarely the seventh, cervical nerve. The 
fibres xS rsalwards and lateralwards from their origins through the posterior 


part ahe ventral horn and through the lateral funiculus of white substance, and 
th neyze from the lateral aspect of the cord behind the ligamentum denticulatum, 
pAn oblique line, the lower fibres passing out immediately behind the ligament, 

the upper close to and sometimes in association with the dorsal roots of the upper 
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two spinal nerves. As the spinal fibres pass out of the surface of the cord they unite 

to form an ascending strand which enters the posterior fossa of the cranium, through 

the foramen magnum, and, turning outwards, blends more or less intimately with the 

accessory portion. Thus combined, the nerve enters the jugular foramen in com- l 
pany with the vagus, but here it is again separated into its internal and external 

branches, which contain chiefly the same fibres as the original superior and inferior 

parts. 

The internal branch, or accessory portion of the nerve, gives one or more 
filaments of communication to the jugular ganglion (ganglion of the root of the 
vagus), and then joins either the trunk of the vagus directly or its ganglion nodosum, 
the fibres of the branch being contributed to the pharyngeal, laryngeal, and cardiac 
branches of the vagus. Fibres corresponding to the white rami communicantes, 
absent in the cervical nerves, probably enter the cervical sympathetic ganglion 
through this ramus. 

The external branch or the spinal portion runs backwards and downwards under 
cover of the posterior belly of the digastric and the sterno-mastoid. It usually 
crosses in front of and to the outer side of the internal jugular vein and between it and 
the occipital artery; then it pierces the sterno-mastoid, supplies filaments to 
it, and anastomoses in its substance with branches of the second cervical nerve. 
It emerges from the posterior border of the sterno-mastoid slightly above the 
level of the upper border of the thyreoid cartilage, passes obliquely downwards and 
backwards across the occipital portion of the posterior triangle, and disappears 
beneath the trapezius about the junction of the middle and lower thirds of the an- 
terior border of that muscle (fig. 707). In the posterior triangle it receives communi- 
cations from the third and fourth cervical nerves, and beneath the trapezius its fibres 
form a plexus with other branches of the same nerves. Its terminal filaments are 
distributed to the trapezius and they can be traced almost to the lower extremity of 
that muscle. 


Central Connections.— The nuclei of origin, like other motor nuclei, are connected with the 
somesthetic area of the cortex cerebri by the pyramidal fibres, and they are associated with the 
sensory nuclei of other cerebral nerves by the medial longitudinal fasciculus, and the fibres of 
the fasciculi proprii. 


THE TWELFTH NERVE—THE HYPOGLOS&G?2 Y 
The hypoglossal nerves are exclusively motor; they sup y Mhe genio-hyoidei 
and the extrinsic and intrinsic muscles of the tongue except osso-palatini. The 
fibres of each nerve issue from the cells of an elongated nu 5 which lies in the floor 


O) the floor of the fourth 
( 


ossi. This nucleus is the 


of the central canal in the lower half of the medullas; 
ventricle in the upper half beneath the trigonum bee 
upward continuation of the ventral group of ce e ventral horn of the spinal 
cord. From their origin the fibres run ventrd&wajd* and somewhat lateralwards, 
| probably joined in the medulla by a few fibr&yfrom the nucleus ambiguus which is a 
i segment of the upward prolongation of the al group of cells of the ventral horn. 
i The conjoined fibres issue from the medulla the sulcus between the pyramid and 
| the olivary body, in a series of from te@p sixteen root filaments, which pierce the 
| pia mater and unite with each other orm two bundles (fig. 698). These bundles 
| pass forwards and outwards to Qi A ~lossal (anterior condyloid) foramen, where 
they pierce the arachnoid and NW mater. In the outer part of the foramen the 
two bundles unite to form y kofthenerve. At its commencement, at the base 

G 

al 


of the skull, the trunk o ypoglossus lies on the inner side of the vagus, but 
as it descends in the necl urns gradually around the back and the outer side of 
the latter nerve, a it and the internal jugular vein, and a little above 
the level of the hypi ne it bends forwards, and crosses external to the internal 
'arotid artery, t © of origin of the occipital artery, the external carotid, and the 
loop formed «Y first part of the lingual artery (fig. 707). After crossing the 
lingual art NN proceeds forwards on the outer surface of the hyo-glossus, crossing 
to the inr N e of the posterior belly of the digastric, and the stylo-hyoid muscles. 


It disawqNars in the anterior part of the submaxillary region between the mylo- 
hyoN( wd) the hyo-glossus, and divides into its terminal branches between the 


later Wiuscle and the genio-glossus. 
it descends in the neck the trunk lies deeply between the internal jugular vein 
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and the internal earotid artery under cover of the parotid gland, the styloid muscles, 
and the posterior belly of the digastric, and it is crossed superficially by the poste- 
rior auricular and the occipital arteries. As it turns forwards around the root of the 
occipital artery the sterno-mastoid branch of that vessel hooks downwards across 
the nerve, and as it runs forwards on the hyo-glossus muscle it lies immediately 
above the ranine vein. It is crossed by the posterior belly of the digastric and the 
stylo-hyoid muscle, and it is covered superficially, behind the mylo-hyoid, by the 
lower part of the submaxillary gland. 

Communications.—The heen is connected with the first cervical gan- 
glion of the sympathetic, with the ganglion nodosum of the vagus, with the loop 
between the first and second cervical nerves, and with the lingual nerve; the latter 
communication is established along the anterior border of the hyo-glossus (figs. 706 
and 707). 

Terminal Branches.—(1) A meningeal branch, frequently represented by two fila- 


Fia. 707.—THE HYPOGLOSSAL, GLOSSO-PHARYNGEAL, AND LINGUAL NERVES. (Spalteholz.) 
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ments, is given off in the SÉ (anterior condyloid) canal. It passes backwards 
im the posterior foss cranium and is distributed to the dura mater. It 
ras believed at zi tine " gu fibres of the meningeal branch were derived from 
the lingual nerve. b (get is now deemed more probable that they are fibres from the 
cervical nerves, t Ny apathetic, or the vagus. 
(2) Brancj hich consist of Fibres derived from the Cervical Plexus.— 


The descer poglossi and the muscular twig to the thyreo-hyoid muscle, though 

apparen NS from the twelfth nerve, consist entirely of fibres which have passed 
E uh NN »elossal nerve from the loop between the first two cervical nerves. 

he descendens hypoglossi parts company with the hypoglossus at the 

re the latter hooks around the occipital artery (fig. 707). It runs downwards 

ba y inwards on the sheath of the great vessels (occasionally within the 

x0: and is joined at a variable level by branches from the second and third 
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cervical nerves, forming with them a loop, the ansa hypoglossi (fig. 707). The 
ansa hypoglossi may be placed at any level from a point immediately below the 
occipital artery to about four centimetres above the sternum. A twig to the ante- 
rior belly of the omo-hyoid arises from the descendens hypoglossi in the upper part 
of its course. The nerves which supply the sterno-hyoid, sterno-thyreoid, and 
posterior belly of the omo-hyoid are given off by the ansa hypoglossi. Twigs from 
the first two nerves pass downwards in the muscles behind the manubrium sterni 
and in rare cases communicate with the phrenic nerve within the thorax. The 
nerve to the posterior belly of the omo-hyoid runs in a loop of the cervical fascia 
below the central tendon of the muscle. 

(b) The nerve to the thyreo-hyoid is given off near the tip of the great cornu 
of the hyoid bone, and runs obliquely downwards and inwards to reach the muscle. 

(3) The true hypoglossal branches, the rami linguales, supply the stylo- 
glossus, hyo-glossus, genio-glossus, the genio-hyoid, and the intrinsic muscular fibres 
of the tongue. 

The nerve to the stylo-glossus is given off near the posterior border of the 
hyo-glossus. It pierces the stylo-glossus, and its fibres pursue a more or less re- 
current course within the muscle. 

The nerves to the hyo-glossus are several twigs which are supplied to the muscle 
as the hypoglossal nerve crosses it. 

The nerves to the genio-glossus and genio-hyoid arise under cover of the 
mylo-hyoid in common with the terminal branches to the intrinsie muscles of the 
tongue. They communicate freely with branches of the lingual, forming long 
loops which lie on the genio-glossus. From these loops twigs pass into the genio- 
glossus and into the muscular substance of the tongue. It is not improbable that the 
fibres to the genio-hyoid are really derived from the cervical nerves. 


Central Connections.— The nucleus of origin of the hypoglossus is associated with the som- 
sesthetic area (operculum) of the cortex cerebri of the opposite side by the pyramidal fibres, and 
it is connected with the sensory nuclei (nuclei of termination) of other cranial nerves by the 
medial longitudinal fasciculus. 


THE DISTRIBUTION OF THE CUTANEOUS BRANCHES QF THE SEN- 
SORY AND MIXED CRANIAL AND SPINAL N S 


The cutaneous filaments of the sensory and mixed o) e distributed to 
definite regions of the surface of the body which are kno ‘cutaneous areas.’ 
Each cutaneous area has one special nerve of supply anQ Whe central part of the 
area receives that nerve alone, but wherever the bor Xf two areas meet they 
reciprocally overlap, therefore each margin of every jeous area has two nerves 
of supply, its own nerve and that of an adjacepgf&e3) and of these, sometimes one 
and sometimes the other preponderates. 


, Tur CUTANEOUS Iw OF THE SCALP 


The limits of the cutaneous areas Pyne scalp region are indicated in figs. 708, 
710, but in general terms it may be ns: the skin of the scalp in front of the pinna 
iz. the mesial part by the supratrochlear 
> first division of the trigeminus, and the lateral 
t second division, and the auriculo-temporal branch 


and the supra-orbital branches 
part by the temporal brane 
of the third division of thd sae nerve. 

The portion of the scas»behind the pinna also receives four cutaneous nerves; 
laterally it is supplied@y the great auricular and small occipital branches of the 
cervieal plexus whi tain filaments from the second and third cervical nerves, 
and medially it p es the great and smallest occipital nerves which are derived 
from the inte? anches of the posterior primary divisions of the second and 


third EIEN res respectively. 


O THE CUTANEOUS AREAS OF THE FACE 
VitW the exception of the skin over the posterior part of the masseter muscle the 
" of the skin of the face is supplied by the branches of the trigeminus. The 
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nose is supplied medially by the supratrochlear, the infratrochlear, and the nasal 
branches of the first division, and laterally by the infra-orbital branch of the second 
division. The upper eyelid is supplied by the supratrochlear, the supra-orbital, 
and the lachrymal branches of the first division; the lower eyelid by the infra- 
trochlear branch of the first division and by the infra-orbital and the zygomatico- 
facial (malar) branches of the second division. The skin over the upper jaw and the 


Fie. 708.—DIAGRAM OF THE CUTANEOUS NERVE AREAS OF THE HEAD AND NECK. 
Red—First division of trigeminus. White—Second division of trigeminus. 
Blue—Third division of trigeminus. 
Dark shading—Posterior primary divisions of cervical nerves. 
Oblique shading—Ascending and transverse superficial branches of cervical plexus. 
Transverse shading—Descending superficial branches of cervical plexus. 


It must be remembered that the boundaries of each area are not distinct; wherever two 
areas meet they overlap. 
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zygoma SM bone is supplied by the infra-orbital and zygomatico-facial 
branch Ne he second division, that over the buccinator by the buccal branch of the 
thirdagMision, and that over the lower jaw, from before backwards, by the mental, 
S and auriculo-temporal branches of the third division, except a small part near 
e Dósterior border which receives its supply from the great auricular nerve. 
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Tug CUTANEOUS AREAS OF THE PINNA 


The upper two-thirds of the outer surface of the pinna are supplied by the auriculo- 
temporal branch of the third division of the trigeminus, and the lower third by twigs 
of the great auricular nerve. The lower three-fourths of the cranial surface of the 
pinna are supplied by the great auricular nerve, and the upper fourth by the small 
occipital nerve. The posterior surface of the external auditory meatus receives fila- 
ments from the auricular branch of the vagus. 


THE CUTANEOUS AREAS OF THE NECK | 


The skin over the anterior part of the neck is supplied by the superficial cervical | 
branch of the cervical plexus, which contains filaments of the second and third 
cervical nerves, and, in the lower part of its extent, by the anterior supra-clavicular 
nerves (suprasternal branches) which convey twigs of the third and fourth cervical 


Fig 709.—DiAGRAM OF THE CUTANEOUS AREAS OF THE SIDE OF THE BODY AND PART OF | 
THE LIMB. (After Head.) , | 
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third, and fourth cervice: 
and middle supraclavicu 
posteriorly the skin, the neck is supplied by the small occipital nerve and by 
the internal branch NO the posterior primary divisions of the cervical nerves from 
the second to the Cy inclusive (fig. 710). | 


S 
N THE CUTANEOUS AREAS OF THE TRUNK 


cin ‘over the ventral aspect of the trunk as far down as the third rib is | 
\ the anterior supra-clavicular (suprasternal) and middle supra-clavieular 
avicular) branches of the cervical plexus, which contain filaments from the 
tl and fourth cervical nerves (fig. 710). From the third rib to the lower part of the 

minal wall it receives the anterior cutaneous branches, and the anterior divisions 
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Fig. 710.—DIAGRAM SHOWING AREAS OF DISTRIBUTION OF CUTANEOUS NERVES. 


HEAD:— 

Red—First division of trigeminus. White—Second division of trigeminus. Blue—Third 
division of trigeminus. Dark area—Posterior primary divisions of cervical nerves. 
Oblique and transverse shading—Branches of cervical plexus. 

Bopy AND LIMBS:— 

Red—Anterior branches of anterior primary divisions. Blue—Posterior branches of anterior 
primary divisions. Two colours in one area indicate that the area is supplied-by two sets 
of nerves, and it should be remembered that wherever two nerve areas approach each 
other they overlap. The dotted blue area of the small sciatic indicates that the nerve 
comes from the posterior as well as from the anterior parts of the anterior primary di- 
visions of the sacral nerves, but it supplies a flexor area. The area of the perforating 
cutaneous nerve is left uncoloured, because its true nature is uncertain. Dark shading 
— Posterior primary divisions. The numbers and initial letters refer to the respective 
spinal nerves from which the nerves are derived. 

1st DIVISION OF TRIGEMINUS ~“--------- = SUPRAORBITAL 
d77--- GREAT OCCIPITAL 


3d DIVISION OF TRIGEMINUS ~- N AES AONE 
L0 SMALLEST OCCIPITAL 


2 ISION OF TRIGEMINUS 7 
d DIVISION OF TRIGEMINUS Re ee ery Oar 


GREAT AURICULAR ~~" RS DAE, - POSTERIOR PRIMARY DIVISIONS 
CUTANEOUS COLLI, 2,3 C OF CERVICAL NERVES 


A-CLA v p. 7 3, h 


AXILLARY ------ 
LATERAL CUTANEOUS 
NERVES 
ANTERIOR CUTANEOUS 
NERVES 
MEDIAL BRACHIAL 
CUTANEOUS AND 
INTERCOSTO- 
BRACHIAL, 1, 2 T 
POSTERIOR BRACHIAL 
CUTANEOUS 


MEDIAL ANTIBRA- |. 
CHIAL CUTANEOUS 


- AXILLARY, 5,6C 


LATERAL BRANCHES 
'* OF THORACIC NERVES 
POSTERIOR BRACHIAL 
CUTANEOUS 
: : i MEDIAL AND INTERCOSTO- 
sa PEAT © = : f BRACHIAL CUTANEOUS 
` MEDIAL ANTIBRA- 
CHIAL CUTANEOUS 


DORSAL ANTIBRACHIAL 
CUTANEOUS, 6.7,8 C 
MEDIAL ANTIBRACHIAL 
CUTANEOUS 
PRIOR CLUNIAL 
WEERAL CUTANEOUS OF 
-HYPOGASTRIC 


\PULO-CUTANEOUS, 5, 6 C 
-MIDDLE CLUNIAL 


MUSCULO-CUTANEOUS 


LATERAL FEMORAL ,....E 
CUTANEOUS 


Q 
| V 


GENITO-FEMORAL 4 


SUPERFICIAL ........ 
- RADIAL, 6 € 
ILIO-INGUINAL, 1 L f 
MEDIAN, 6.7,8 0,1 T 773 
ULNAR, 1 T *74 


ANTERIOR FEMORAL 
CUTANEOUS 


COMMON PERONEAL SS =, : 


SAPHENQUS 
o 
* SS 
SUP. AL PERONEAL 


E" 


MEDIAL PLANTAR 


SURAL :----eee 


DEEP PERONEAL === -7 


..,.MEDIAL INFERIOR 
CLUNIAL 2,3 S 
se ULNAR, 8 € 
oeeo SUPERFICIAL 
= RADIAL, 6.7 C 
W.. AREA SUPPLIED BY 
p SUPERFICIAL 
I t RADIAL AND ULNAR 
$e S MEDIAN, 6, 7, 8 C, 
1T 
__ LATERAL FEMORAL 
CUTANEOUS 
o POSTERIOR FEMORAL 
CUTANEOUS 


ANTERIOR FEMORAL CUTAN- 
EOUS AND OBTURATOR 


COMMON PERONEAL, 5 L, 1,28 


SAPHENOUS, 38,4 L 


ar SUR AD, 3,85 


. MEDIAL CALCANEAL OF 
TIBIAL, 1,28 


LATERAL PLANTAR, 1,28 


- MEDIAL PLANTAR, 4,8 L,18 


DISTRIBUTION OF THE CUTANEOUS NERVES 993 
of the lateral cutaneous branches of the thoracie nerves except the first, second, and 
twelfth (fig. 710). The skin over the lower and anterior part of the abdominal 
wall is supplied by the ilio-hypogastric branch of the first lumbar nerve. 

The cutaneous supply of the lateral aspects of the body is derived from the lateral 
branches of the anterior primary divisions of the thoracic nerves from the second to 
the eleventh, and the skin over the dorsal aspect of the body is supplied laterally 
by the posterior divisions of the lateral branches of the thoracie nerves from the 
third to the eleventh, and medially by the posterior primary divisions of the thoracic 
nerves, in the upper half by their medial branches and in the lower half principally 
by their lateral branches. 


THE CUTANEOUS NERVE-SUPPLY OF THE LIMBS 


The areas of skin of the upper and lower limbs which are supplied by the branches 
of the brachial, lumbar, and sacral plexuses are indicated in fig. 710, and the spinal 
nerves which contribute to each nerve are noted. The question of the skin areas 


supplied by.any given spinal nerve is one of great clinical importance, in connection — 


with the diagnosis of injuries of nerves and of pathological conditions affecting them. 
Therefore, considerable attention has been directed to the matter and it has been 
found that the areas which become hypersensitive when certain spinal nerve-roots are 
irritated, or insensitive when the roots are destroyed, do not correspond exactly with 
the regions to which the fibres of the roots can apparently be traced by dissection. 
Moreover, it has been discovered, partly by clinical observations on the human sub- 
ject and partly by experiment on monkeys, that the nerves of the limbs have a more 
or less definite segmental distribution. To understand clearly this segmental arrange- 
ment the reader must remember that in the embryonic stage when no limbs are 
present the body is formed of a series of similar segments, each of which is pro- 
vided with its own nerve. At a later stage when the limbs grow outwards, each 
limb is formed by portions of a definite number of segments which fuse together 
into a common mass of somewhat wedge-like outline. Each rudimentary limb 
possesses a dorsal and a ventral surface. The dorsal surfaces of both the upper and 
the lower limbs are originally the extensor surfaces, and the ventrad surfaces the 
flexor surfaces, but, as the upper limb rotates outwards and the << imb rotates 
inwards as development proceeds, in the adult, the extensor ies. the upper 
limb becomes the dorsal surface, and the extensor surface of ower limb, the 
ventral surface. The preaxial border of the upper limb is th al or thumb border, 
and the postaxial border, the ulnar or little finger borde e preaxial border of 
the lower limb is the tibial or great toe border, and th ME border, the fibular 
or little toe border. As projections of the segments NS body grow out to form 
the limbs each projection carries with it the wh hrt of the nerve of the seg- 
ment to which it belongs, and therefore the nur body segments which take 
part in a limb is indicated by the number of%pinal nerves which pass into it. If 
these facts are remembered it will RES expected (1) that the highest spinal 
nerves passing into a limb will be associa h its preaxial portion and the lowest 
with its postaxial portion; (2) that th est and lowest segments in each limb 
area will take a smaller part in the & on of the limb than the middle segments; 
and (3) that, consequently, co NN nd lowest nerves will pass outwards into 
the limb for a shorter distance NR e midd le nerves. Observers are not yet in 
perfect agreement as to th NS N emi of each nerve, but the reader who 
studies the diagrams on pes to 997, which are modified from the figures pub- 
lished by Head and Thorbutss records of the results of their clinical observations, 
will have no difficultwa e ie cia a dorso-ventral segmental arrangement in the 
lower portions of Red upper and lower limbs. In the upper parts of the lower 
limbs, however, inal segmental distribution appears to be masked. This 
may be due (1 r to the fact that the areas recognisable by clinical phenomena 
do not corres% exactly with the areas to which definite dorsal root-fibres are dis- 
tributed, bat her to definite segments of the grey substance of the spinal cord 
with whieQXhe root-fibres are connected; (2) partly to the overlapping of segments 
and re) ired preponderance of one nerve over another in the overlapping areas, 
and3) Partly to the incompleteness of the data which are at our disposal in the 
[2 the human subject. Sherrington has proved that in the monkey the sensory 
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areas of the limbs are arranged in serial correspondence with the spinal nerves, the 
middle nerves of each limb series passing to the distal extremity while the higher and 
lower nerves are limited to the proximal regions. Thorburn’s observations, which 
differ from Head's, are, especially as regards the upper limb, in close conformity with 
the results obtained by Sherrington's experiments on monkeys. 


THE CUTANEOUS AREAS OF THE UPPER LIMB 


The skin over the upper third of the deltoid muscle is supplied by the posterior 
supra-clavieular (supra-acromial) and middle supra-clavicular (supra-clavicular) 
nerves, which are branches of the cervical plexus containing fibres of the third and 
fourth cervical nerves, and that over the lower two-thirds by the axillary (cireumflex) 
nerve which conveys fibres of the fifth and sixth cervieal nerves (fig. 710). 

The skin over the front of the upper arm is supplied externally by the axillary 
(eireumflex) nerve above, and below by the superior branch of the dorsal antibra- 
chial eutaneous, the external cutaneous branch of the radial (musculo-spiral) nerve. 
The former contains filaments of both the fifth and sixth cervical nerves, and the 
latter filaments of the sixth alone. The skin of the inner side of the upper arm is 
supplied by the medial antibrachial cutaneous (internal cutaneous) nerve with 


Fig. 711.—DrzAGRAM or THE CUTANEOUS AREAS OF THE UPPER EXTREMITY. 
(Modified from Head.) 


fibres of the eighth cervical and first th fos and by the medial brachial 
cutaneous (lesser internal cutaneous) : intercosto-brachial (intercosto-humeral) 
nerves which are derived from the firs\ ghd second thoracic nerves. The back of 
the upper arm is supplied, externall»by the fifth and sixth cervical nerves through 
the axillary (circumflex) nerve ar the dorsal antibrachial cutaneous; the middle 
portion, by the eighth cervi Qi ve through the posterior brachial cutaneous, 
the internal cutaneous br je radial (muse ulo-spiral) nerve; and the inner 
portion by the first and se ANM horacic nerves through the medial brachial cutaneous 
(lesser internal cutan rve, and the intercosto-brachial (intercosto-humeral) 
nerve (fig. 710). 

The front of C earm is divided into two areas, an outer, which is supplied 
by the fifth, ro quee bly the seventh cervical nerves, through the musculo- 


cutaneous brar f the brachial plexus, and an inner, supplied by the eighth 
cervical ar thoracic nerve through the medial antibrachial cutaneous 
(internal SS nerve. On the back of the forearm there are three areas;—(1) an 
outer, st d by fibres of the fifth and sixth cervical nerves through the mus- 
eulo-etanéous nerve; (2) a middle, which receives fibres of the sixth, seventh, 
a Mth cervical nerves through the lower branch of the dorsal antibrachial cu- 
ner of the radial (inferior external cutaneous branch of the musculo-spiral nerve), 


ta 
y (3) an inner which receives the eighth cervical and first thoracic nerves through 


e medial antibrachial eutaneous (fig. 710). 
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The front of the hand is supplied by the sixth, seventh, and eighth cervical nerves 
and by the first thoracie nerve through the superficial radial (radial) nerve, and 
through the median and ulnar nerves. The superficial radial supplies the radial side 
of the thumb by its palmar cutaneous branch. The remainder of the palm and the 
palmar aspects of the fingers are supplied by the median and ulnar nerves through 
their palmar eutaneous and digital branches, the median supplying three and a half 
digits and the ulnar the remaining one and a half (fig. 710). 

'The dorsal aspect of the hand is supplied by the sixth, seventh, and eighth cervical 
nerves, which reach it through the superficial radial (radial) and through the median 


Fia. 712.—DIAGRAM OF THE CUTANEOUS AREAS OF THE UPPER EXTREMITY. 
(After Thorburn.) 


and ulnar nerves. The superficial radial supplies the outer part of the dorsum and the 
outer three and a half digits, except the lower portions of the second, third, and half 
of the fourth digits, which receive twigs from the median nerve; the ulnar nerve 
supplies the ulnar half of the dorsum of the hand, including the inpey\one and a half 
digits. The areas supplied by definite spinal nerves, according NC Opservations of 
Head and Thorburn, are shown in figures 711 and 712 respectivo 


THE CUTANEOUS AREAS OF THE LOWE WTREMITY 


There are six cutaneous areas in the region of th Ock, three upper and three 
lower. Of the upper areas the outer is suppliegerh e anterior primary divisions 
of the last thoracic and first lumbar nerves me e iliac branches of the last 
thoracic and the ilio-hypogastrie nerves; the SeiddTé upper area receives the lateral 
divisions of the posterior primary branches upper three lumbar nerves, and the 
inner upper area is supplied by twigs fro’ the lateral branches of the posterior 
primary divisions of the upper two or thg sacral nerves (fig. 710). 

Of the lower three areas, the out B7 eives filaments from the second and third 
lumbar nerves through the lateral f$ "GÀ! cutaneous (external cutaneous) branch of 
the lumbar plexus; the ERN ms supplied by the first, second, and third sacral 
nerves through the posterior ral eutaneous (small sciatic) nerve; and the inner 
area by the second and tiirdS#cral nerves through the medial inferior clunial (per- 


forating cutaneous) branc the sacral plexus (fig. 710). 
On the back of ihhich there are three areas. The inner and the outer are 
supplied by the se nd third lumbar nerves, the former through the lateral 


femoral cutaneous ernal cutaneous) branch of the lumbar plexus, and the latter 
through the ¢ MARY eutaneous branches of the femoral (internal cutaneous branch 
of the an NN rural nerve. The middle area receives twigs from the first, 
second, NI ird sacral nerves through the posterior femoral cutaneous (small 
sciatic) QW ranch of the sacral plexus. 

i db t of the thigh is supplied by the first, second, and third lumbar nerves, 
ar thW are five cutaneous areas. The outer area receives twigs of the second and 
ue lumbar nerves through the lateral (external) cutaneous nerve. There are 
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two mesial areas, an upper and a lower. The former is supplied by. the lumbo-inguinal 
(crural) branch of the genito-femoral (genito-crural), which conveys twigs of the 
first and second lumbar nerves; the latter receives fibres of the second and 
third lumbar nerves through one of the anterior (middle) cutaneous branches of 
the femoral (anterior crural) nerve. The small upper and inner area is supplied 
by the first lumbar nerve through the ilio-inguinal, and the lower inner area 
receives twigs of the second and third lumbar nerves through one of the anterior 
cutaneous branches (internal cutaneous) of the femoral (anterior crural) nerve 
(fig. 710). 

The front of the knee is supplied by the second, third, and fourth lumbar nerves 
through the anterior (middle and internal) cutaneous and saphenous (long saphenous) 
branches of the femoral (fig. 710). 

Of the skin over the region of the popliteal space, the inner portion receives 
fibres from the second, third, and fourth lumbar nerves through the anterior (inter- 
nal) cutaneous branch ‘of the femoral (anterior crural) nerve and through the super- 
ficial division of the obturator nerve; the middle and lateral portion receives twigs 
of the first three sacral nerves through the posterior cutaneous (small sciatic) nerve 
(fig. 710). 


Fic. 713.—D1aGRAM OF THE CUTANEOUS AREAS OF THE Lower Extremity. (After Head.) 


The skin over the ANS, Kx side of the leg is supplied by the third and 
fourth lumbar nerves throu Oe nerve, and the skin of the front and 
outer side of the leg rg A nerve- -fibres from the fifth lumbar, and the first and 
second sacral nerves tQ@roygh the sural cutaneous (fibular communicating) branch 
of the common peroneal¥eKternal popliteal) nerve. The skin of the lower and mid- 
dle part of the ig of the leg is supplied by the superficial peroneal (musculo- 
cutaneous) nerva Aich conveys filaments of the fourth and fifth lumbar and the 
first sacral ney O 710). 

In thee N the back of the leg five areas can be distinguished, two inner, 
upper aN Ner two middle, upper and lower, and an outer area. The upper 
inner agea Ne supplied by the second, third, and fourth lumbar nerves through an 
anta cutaneous branch (internal cutaneous) of the femoral (anterior crural) 

amd the superficial branch of the obturator nerve. The lower inner area 
eives filaments from the third and fourth lumbar nerves through the saphenous 
ao The upper middle area is supplied by the first, second, and third sacral nerves 
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through the posterior femoral cutaneous (small sciatic) nerve, and the lower middle 
area by the first and second sacral nerves through the sural (external saphenous) 
nerve. The outer area is supplied by the fifth lumbar and the first and second sacral 
nerves through the lateral sural cutaneous (fibular communicating) of the common 
peroneal (external popliteal) nerve (fig. 710). 

The skin of the dorsum of the foot is supplied principally by the fourth and 
fifth lumbar and by the first sacral nerves; the majority of the nerve-fibres 
travel by the superficial peroneal (musculo-cutaneous) nerve, but the adjacent sides 
of the first and second toes are supplied by the femoral (anterior crural) nerve and 
the outer side of the dorsum of the little toe is supplied by the first and second 
sacral nerves through the sural (external saphenous) (fig. 710). 

The skin of the region of the heel is supplied by the first and second sacral nerves, 
the inner surface and inner part of the under surface by the medial calcaneal 
branches of the tibial (caleaneo-plantar) nerve and the posterior, external, and lower 
aspects by the sural (external saphenous) nerve (fig. 710). 


Fig. 714.—DIAGRAM OF THE CUTANEOUS AREAS OF THE LOWER EXTREMITY. 
(After Thorburn.) 


The sole of the foot nd of the heel receives cutaneous fibres from the 


last two lumbar and the ffs ro sacral nerves; the inner area, which includes the 
inner three and a half Meis, being supplied by the medial plantar nerve which 
conveys fibres of the faurth and fifth lumbar and the first sacral nerves; and the 
outer area by the pA second sacral nerves through the lateral plantar nerve. 

The inner sid Xhe foot is supplied by the third and fourth lumbar nerves 
through the sepes nerve and the outer side by the first and second sacral nerves 
through the external saphenous) nerve (fig. 710). 

The BENS, he scrotum and penis is supplied by the first lumbar nerve through 
the ilio-i&guibial nerves, and the second and third sacral nerves through the perineal 

penile branches of the pudendal (pudic) nerve (fig. 710). 
‘aneous areas of the lower extremity which have been demarcated by 
and Thorburn are shown in figs. 713 and 714. 
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THE SYMPATHETIC SYSTEM 


The so-called sympathetic system is that portion of the nervous system which is 
especially concerned in the distribution of impulses to the glandular tissues, to the 
muscle of the heart, and to the non-striated muscular tissue of the body wherever 
found. Since these tissues are most abundant in and largely comprise the viscera or 
splanchnic organs of the body, the largest and most evident of the structures com- 
prising the sympathetic system are found either in or near the cavities containing the 
viscera. However, the finer divisions of the system ramify throughout the whole 
body, supplying vaso-motor fibres to the blood-vessels throughout their course, con- 
trolling the glands of the skin, and supplying pilo-motor fibres for the hairs, form- 
ing intrinsic plexuses within the walls of the viscera, and certain of its fibres convey 
impulses towards the central system (sensory sympathetic neurones). While it is 
very probable that certain of the simpler reactions of the splanchnic organs may be 
mediated by the sympathetic system alone, yet the sympathetic is by no means in- 
dependent of the cerebro-spinal system, but is rather, both anatomically and func- 
tionally, merely a part of one continuous whole. Throughout, it shares its domain 
of termination with cerebro-spinal fibres, chiefly of the sensory variety, and most of 
its rami and terminal branches carry a few ce erebro-spinal fibres towards their areas 
of distribution. Likewise the cerebro-spinal nerves carry numerous sympathetic 
fibres gained by way of rami connecting the two systems. 


Fic. 715.—DIAGRAM SHOWING (1) THE GROWTH OF THE PRIMITIVE GANGLIA FROM THE NEURAL 
Crest; (2) THE Division OF THE PRIMITIVE GANGLIA INTO SPINAL AND SYMPATHETIC 
PoRTIONS, AND (3) THE FORMATION OF THE NERVES. 
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SYMPATHETIC GANGLION NERVE-RO SYMPATHETIC GANGLION 


Like the cerebro-spinal system, the sym 
which gives off one axone. In addition, p Yodies give off numerous dichoto- 
mously branched dendrites by which theif tive surfaces are increased, and they 
are accumulated into ganglia, large and NI The larger ganglia have more or less 
constant positions, shapes, and arrangeMwehts, while the smaller, some of which are 
microscopic, are scattered throughou€fe body in a seemingly more indefinite manner. 
The axones or fibres arising in tl anglia are given off in trunks and rami which 
connect the ganglia with eac ^ with the cerebro-spinal system, or which pass 
from the ganglia to be distri directly upon their allotted elements. 

The sympathetic FO Ising from the ganglia are, for the most part, either 


^ consists of cell-bodies, each of 


totally non-medullateg on rias medullated. Some fibres are medullated near 
theircells oforigin, but heirmedullar y sheaths before reaching their terminations. 


Some of them pov omplete medullary sheaths throughout, but in no cases are the 
sheaths as thick leveloped as is the rule with the cerebro-spinalfibres. "Thus, 
nerve-trunks rami in which sympathetic fibres predominate appear greyish in 
colour ande siete as distinguished from those of the cerebro-spinal nerves, 
which aly SNe: a glistening white, due to light being reflected from the 
myelin o sheaths of their fibres. 
Qrigin of the sympathetic system.—Not only must the cerebro-spinal and 
S etic systems be considered anatomically continuous and dependent? but also 
INY, uřones of the two systems have a common origin, namely, the ectoderm of the 
sal mid-line of the embryo. The cells of the neural crest (see p. 753) become 
Q Trranged in segmental groups and soon separate into two varieties:—those which will 
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remain near the spinal cord and develope into the spinal ganglia, and those which, 
during the growth processes, migrate and become displaced further into the periphery 
and form the sympathetic ganglia. 


Fig. 716.—ScHEME SHOWING GENERAL PLAN OF THE COARSER PORTIONS OF THE SYMPA- 
THETIC NERVOUS SYSTEM AND ITS PRINCIPAL COMMUNICATIONS WITH THE CEREBRO-SPINAL 
System. (After Flower, modified.) 
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Cee migration from the vicinity of the central system occurs to varying extents, 
at in the adult the cells comprise three general groups of ganglia situated 
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different distances away from the vertebral column —(1) A large portion of the cells 
remain near the central system and form a linear series of ganglia which, with the 

trunks connecting them, become two gangliated nerve-cords extending along each side, 
proximal to and parallel with the vertebral column; (2) a still larger portion of the 
cells migrate further towards the periphery and are accumulated into ganglia which 
assume an intermediate position and which, with the rami connecting them with each 
other and with other structures, form a series of great prevertebral plexuses; (3) still 
other cells wander even further away from the locality of their origin and invade the 
very walls of the orgams innervated by the sympathetic system. The latter cells 
occur as numerous small terminal ganglia, most of which are micro oscopic and which, 
with the twigs connecting them, form the most peripheral of the sympathetic plexuses. 
Examples of these are the intrinsic ganglia of the heart and pancreas and the plexuses 
of Auerbach and Meissner in the walls of the digestive canal. Small, straggling 


Fic. 717.—ScHEME sHOWING THE ÜONNECTION BETWEEN THE SYMPATHETIC AND THE CEREBRO- 
SPINAL AND CENTRAL NERVOUS SYSTEMS. 


AS, Afferent sympathetic fibres; D, Dogiel spinal ganglion-cell of type II. 
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etween these three general groups. The supporting 
m accumulates early and i is probably all of mesodermie 


ganglia may be found scatteg 
tissue of the sympathetig Ne 
origin. 
Construction of theSympathetic system.— The sympathetic ganglia may be 
considered as relasz&etthe pathways for the transmission of impulses from the region 
in which they a1 ws the tissues in which they are distributed; the cells composing 
the ganglia ¢ o cell-bodies of the neurones interposed in the various neurone 
chains per SNN this function. A fibre arising from a cell- body in a given ganglion 
may pe Y the ganglion and proceed directly to its termination upon a aon 
muscle ofS or gland-cell, or it may pass through a connecting trunk to another 
ES nd there terminate about and thus transmit the impulse to another cell, 
VNO) i its turn, may give off the fibre which bears the impulse to the appropriate 
issu-element. Fibres arising in given ganglia may pass through other ganglia and 
a A uninterrupted to their respective destinations. On the other hand, several 
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neurones may be involved in the transmission of a given impulse when sent from a 
region distant from the tissue to which it is distributed. 

Communication between the central nervous system and the sympathetic is 
established through both efferent and afferent fibres. In the region of the spinal cord 
both varieties of fibres pass from one system to the other by way of the rami com- 
municantes, delicate bundles of fibres connecting the nearby sympathetic trunk with 
the respective spinal nerves. The efferent fibres of the rami arise in the ventral horn 
of the spinal cord, emerge through the ventral roots, enter the rami, and terminate for 
the most part about the cells of the nearest Sy mpathetic ganglion; some, however, 
may pass through or over the ganglion of the sympathetic cord and terminate about 
cells in more distant ganglia. Since these fibres transmit impulses from the central 
to the sympathetic system, they are known as efferent splanchnic fibres. They 
are of smaller size than is the average for the cerebro-spinal efferent or motor fibres 
of the ventral root. The afferent splanchnic fibres are of two varieties:—(1) Per- 
ipheral processes of the spinal ganglion-cells which run outwards in the nerve-trunk, 
enter the rami communicantes, pass through the various connecting trunks and ter- 
minal rami of the sympathetic, and terminate in the tissues supplied by these rami. 
Such are merely sensory fibres of the cerebro-spinal type which collect impulses in 
the domain of the sympathetie and convey them to the central system by way of the 
sympathetie nerves and the dorsal roots of the spinal nerves. (2) Afferent sympa- 
thetic fibres proper. The actual existence of these has not been long established, and 
their relative abundance is as yet uncertain. They consist of fibres arising in the 
sympathetic ganglia which enter the spinal ganglia by way of the rami communicantes 
and the cerebro-spinal nerve-trunk and terminate in arborisations about the spinal 
ganglion-cells, chiefly about the Dogiel cells of type II (D, fig. 717). The afferent 
impulses transmitted by these sympathetic fibres are borne into the spinal cord by 
way of the cerebro- -spinal fibres of the dorsal roots. They must necessarily either 
receive the impulses they bear from sympathetic neurones having both peripheral 
and central processes or they themselves must be axones or centr al processes of neu- 
rones having also processes terminating in the peripheral tissues. 

The thoracic and the lumbar spinal nerves are connected with the sympathetic 
trunk (gangliated cord) by two rami communicantes. Most of both the efferent 
splanchnic and also the afferent splanchnic fibres (which arise in the spinal ganglia) 
pass by way of a separate ramus. Both these varieties being of cerebro-spinal 
type, and, therefore, medullated, they give the ramus a white 
the name white ramus communicans. Fibres of the sym 

nate in the second ramus and thus it is the grey ramus cg nicans. The latter 
consists of:—(1) afferent sympathetic fibres and (2) gf\gypathetic fibres which 
join the primary divisions of the spinal nerves and agis9 In them to their allotted 
tissues (fig. 717). In the sacral region, most of tl erent splanchnic fibres pass 
over the ganglia of the sympathetic trunk and te # in the more peripheral ganglia, 
of the plexuses of this region. This is especiall e for the fibres passing from the 
second, third, and fourth sacral nerves. Inf§the"Cervical region white rami are not 
in ev idence, a fact probably explicable as Cy o an arrangement by which at least 
most of the efferent ee fibres azisif’ in the cervical segments of the spinal 
d jour the sympathetio dur the white 


ie type predomi- 


the spinal nerves are ned bs grey rami com- 
CM trunk. * 


ous h (ie us RT Ww hito: rami. 
municantes from the sy 


Vaso-motor fibres to y ninges and intrinsie blood-vessels of the spinal cord 
pass to the spinal nerves ray of the grey rami. Thence they may reach the men- 
inges by one of three r5:—(1) thr ough the delicate recurrent or meningeal branch 


IZ) 2) through the trunk and ventral root of the spinal 


of the spinal nerv 
nore rarely, through the trunk and dorsal root of the spinal 


nerve; (3) prob; 
nerve (fig. QIS 
Corres NN € communications exist between the cranial nerves and the sym- 
pathetie N hese occur further towards the periphery and in not so regular a 
mannen Às the communications between the spinal nerves and the sympathetic 
sys’) Whe mesencephalon, for example, is chiefly connected with the ciliary 
If of the sympathetic by fibres which are sent through the oculo-motor nerve 
which enter this ganglion by way of its short root and terminate about its cells. 
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| Splanchnie efferent fibres from the rhombencephalon pass outwards to the sym- 

| pathetie in the roots of the facial, glosso-pharyngeal; vagus, and spinal accessory 

| nerves, all of which have more or less irregularly disposed communicating rami. The 

| ganglia of origin of the vagus, more than perhaps any other nerve, both give origin 

i to and receive impulses from splanchnie efferent fibres. Likewise, twigs of other 

| cranial nerves, especially of the trigeminus, connect with the small sympathetic 
ganglia of the head. The meningeal branches given by certain of the cranial nerves 
contain vaso-motor fibres, and these correspond to the sympathetic fibres in the 
recurrent branches and in the roots of the spinal nerves. 


Fig. 718.—DIAGRAM SHOWING THE COURSE AND CONNECTIONS OF SYMPATHETIC 
NERVE-FIBRES. 
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From the a it may be seen that the ganglia and connecting trunks and rami 
of the NN tic system may be divided as follows:—(1) The two sympathetic 


trunks INS roximal to and parallel with the vertebral column; (2) the great 
prevertebral plexuses, of which there are roughly three, one in the thorax, one in 


the ¢ en, and one in the pelvic cavity (fig. 716), each of which is subdivided; 
3) imerous terminal ganglia and plexuses situated either within or close to 


walls of the various organs; (4) the trunks and rami connecting the ganglia with 
1 other and thus contributing to the plexuses, or connecting the ganglia with 


THE SYMPATHETIC TRUNKS 1003 


other nerves or with the organs with whose innervation they are concerned. The 
connecting trunks and rami may be divided into— (a) the rami communicantes, or 
central branches, connecting the sympathetic with the cerepro-spinal and central 
systems; (b) associative tr unks, best considered as those which connect sympa- 
thetic ganglia situated on the same side of the body; (c) commissural branches, or 
those which connect ganglia situated on opposite sides of the mid-line of the body, 
such as the transverse connecting branches between the sympathetic trunk in the 
lumbo-sacral region (fig. 719), or all the connecting trunks between the ganglia of 
plexuses occupying the mid-region of the body; (d) terminal or peripheral branches, 
or those which pass from the ganglia to their final distribution apparently uninter- 
rupted by other ganglia. 


THE SYMPATHETIC TRUNKS 


The sympathetic trunks, or gangliated cords, of the sympathetic system are two 
symmetrical trunks with ganglia interposed in them at intervals of v: arying regu- 
larity, and extending vertically, one on each side of the ventral aspect of the verte- 
bral column, from the second cervical vertebra to the first piece of the coccyx. 
Upon the coccyx the two trunks unite and terminate in a single medial ganglion, the 
ganglion coccygeum impar. The various ganglia are connected with the spinal 
nerves by the rami communicantes. Morphologically, each trunk might be expected 
to possess thirty-one ganglia, one for each spinal nerve, but, owing to the fusion of 
adjacent ganglia in certain regions, especially the cervi val, there are in the adult only 
twenty-one or twenty-two ganglia in each trunk. These occur as three cervical 
ganglia, ten or eleven thoracic ganglia, four lumbar and four saeral ganglia, and the 
ganglion coccygeum impar, which is common to both trunks. 

In the cervical region the sympathetic trunks lie in front of the transverse proc- 
esses of the vertebre, from which they are separated by the longus capitis (rectus 
capitis anticus major) and longus colli; in the thoracic region they lie at the sides of the 
bodies of the vertebree and on the heads of the ribs; in the lumbar region they are 
placed more ventrally with reference to the spinal nerves and more in front of the 
bodies of the vertebre and along the ventral borders of the psoas muscles; in the 
pelvis the ganglia lie between and ventral to the openings of the sa&al foramina. 
In the lower lumbar and sacral region one ganglion may send ramiggmMunicantes to 
two spinal nerves and one spinal nerve may be connected wit ganglia. The 

ganglia of the trunks throughout give off associative branche he ganglia of the 
prevertebral plexuses and branches to the nearby viscera ayp od- vessels. These 
branches may appear either white or grey accor ding to the] minance of medullated 
or non-medullated fibres in them. In the oe n commissural or trans- 
verse connecting branches between the ganglia of ot NS re especially abun- 
dant. In connecting trunks having a whiter Y & the greater part of the med- 
ullated fibres producing it are fibres from the S Ns ves w hic h have passed through 
the sympathetic ganglia without ter ndi si) 1 are passing on their way to termi- 


nate about the cells of more distant ganglia i ed either in the prevertebral plexuses 

or in the ganglia of the terminal deo eZ le trunks connecting the ganglia of he 
sympathetic trunks all contain three vag poi fibres:—(1) Fibres which have entered 
them in the white rami iint ND rom the spinal nerves of higher or lower 
levels, and which are'coursing į (ey © terminate in other ganglia, either in the 
trunks above or below or in gang NI belonen to the trunks: (2) fibres arising in 
sympathetic ganglia of a hig ower level and passing upw ards or downwards to 
terminate in other g anglia &f tlje trunk or to issue from the trunk and proceed to more 
peripheral ganglia or to,ga¥efia of the opposite trunk (both associative and com- 
missural fibres); (3) $ hnic afferent fibres or sensory fibres arising either in the 
spinal ganglia, or s WA sympathetie fibres arising in sympathetic ganglia and 
coursing in “the Rx pass into spinal ganglia above or below by way of the grey 


rami BENS S. 


THE ee AND CERVICAL PORTIONS OF THE SYMPATHETIC 
NOD TRUNK 

e tephalic portion of the sympathetic system consists of small ganglia and of 

ous plexuses connected with the internal carotid nerve, the ascending branch 
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Fic. 719.—SHowia THE SYMPATHETIC TRUNKS IN THEIR RELATION TO THE VERTEBRAL 


COLUMN, TO THE SPINAL NERVES, AND TO EACH OTHER. (Modified from Toldt, “Atlas of 
Human Anatomy," Rebman, London and New York.) 
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given off by the superior cervical sympathetic ganglion. The cephalic ganglia are 
all relatively small. There are four considered in the ordinary macroscopic dissec- 
tions. namely, the ciliary or ophthalmic, the spheno- palatine or Meckel’s ganglion, 
the otic, and the submaxillary. These ganglia with their roots or communicating 
branches have been described in detail in their connections with the divisions of the 
trigeminus and with the oculo-motor and facial nerves. 

The internal carotid nerve, the ascending branch from the superior cervical 
| sympathetic ganglion, may be regarded as an upward prolongation of the primitive 
| sympathetic trunk. It arises from the upper end of the superior cervical ganglion 
‘| and passes through the carotid canal into the cranial cavity. It divides into two 
| branches which subdivide to form a coarse plexus, the internal carotid plexus, which 

partly surrounds the internal carotid artery before the latter enters the cavernous 
sinus: (fig. 719). It passes with the artery to the cavernous sinus, where it forms 
the finer meshed cavernous plexus. 
. The internal carotid plexus supplies offsets to the artery and receives communi- 
. eating branches from the tympanic plexus through the inferior carotico-tympanic 
| nerve and from the spheno-palatine ganglion through the great deep petrosal nerve. 
It also communicates by fine branches with the semilunar (Gasserian) ganglion and 
with the sixth cranial nerve. 
$ The cavernous plexus gives branches of communication to the oculo-motor and 
Jl trochlear nerves and to the ophthalmie division of the trigeminus. According to 
Toldt and Spalteholz, it communicates with the tympanic plexus through the 
superior carotico-tympanic (small deep petrosal) nerve. It also communicates with. 
the ciliary ganglion through the long root oj the ciliary ganglion. These branches 
may pags through the superior orbital (sphenoidal) fissure either separately or with the 
naso-ciliary (nasal) nerve. 
| The cavernous plexus also gives branches to the carotid artery and filaments of the 
| plexus accompany small branches of the artery to the hypophysis (pituitary body) and 
1 to the dura mater on the sphenoid bone. 
| The terminal branches of the cavernous plexus consist of delicate filaments that 
anastomose freely, forming fine plexuses, and pass from the cavernous plexus along 
the terminal divisions of the internal carotid artery and their branches. These fine 
plexuses take the name of the artery on which they lie. The four sy them are 


the plexuses of the anterior and middle cerebral arteries, the plexu the chorioid 
artery, and the ophthalmie plexus. 

The cervical portion of the sympathetic cord extends PEN along the great 
vessels of the neck. No white rami communicantes connect i y with the spinal 
cord, but instead it receives splanchnic efferent fibres from feNipper thoracic spinal 
nerves through the sympathetic trunk, and probably « 'óm the cervical spinal 
cord through the spinal accessory nerve and the co nons with the vagus. It 
sends grey rami communicantes to each of the cepe NOlerves. It extends from the 
subclavian artery to the base of the skull, lying be te sheath of the great vessels 
and in front of the longus c: apitis and longus c&li, Which separate it from the trans- 
verse processes of the cervical vertebre (fig. cy It usually has but three ganglia, 
one at each end, the superior and inferior, è one between these two, called the 
middle ganglion. The latter varies son ept in position and is sometimes absent. 


MUSS GANGLION 
The superior cervical is enr fusiform in shape and is sometimes 


marked by one or more contri d There is ground for the belief that it is formed 
by the coalescence of four lia oe esponding to the first four cervical nerves. 
It varies from an inc ce ain one-half inches (2:5 to 3°7 em.) in length, lying 
behind the upper pay ne sheath of the great vessels of the neck and in front of the 
transverse proces Qu. second and third cervical vertebre. It occasionally ex- 
tends upwards SSNN 1 as the transverse process of the first vertebra (fig. 719). It 
is connectec NS the middle cervical ganglion by the intervening trunk, and it 
gives off a N number of communicating branches. 
Com ications :—(1) Four grey rami communicantes connect the ganglion 
with Nd rior primary divisions of the first four cervical nerves. 
mmunicating branches to the cranial nerves.—An irregular number 
[72 ll twigs pass from the superior cervical ganglion to the hypoglossal nerve 
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and to the ganglion nodosum of the vagus. A named branch, the jugular nerve, runs 
upwards to the base of the skull and divides into two branches, one of which enters 
the jugular foramen and terminates in the jugular ganglion of the vagus, and the 
other ends in the petrous ganglion of the glosso-pharyngeus. 

(3) Four or five laryngo-pharyngeal branches come from the superior ganglion 
and the plexus extending downwards from it, and pass forwards and inwards, 
external to the carotid vessels, to the wall of the pharynx, where they unite on 
the middle constrictor with the pharyngeal branches of the glosso-pharyngeus and 
vagus, forming with them the pharyngeal plexus, from which branches are dis- 
tributed to the walls of the pharynx and to the superior and external laryngeal nerves 
(fig. 719). 

(4) The superior cervical cardiac nerve springs from the lower part of the gan- 
glion or from the trunk immediately below it. It passes downwards behind the car- 
otid sheath, either in front of or behind the inferior thyreoid artery, and in front of the 
longus colli, and establishes communications with the upper cervical cardiac branch 
of the vagus, the middle cervical cardiac branch of the sympathetic, and with the 
inferior and external laryngeal nerves. At the root of the neck the nerve of the 
right side passes in front of or behind the first part of the right subclavian artery, 
and is continued along the innominate artery to the front of the bifureation of the 
trachea, where it ends in the deep part of the cardiac plexus. The left nerve passes 
into the thorax along the front of the left common carotid artery, crosses the front 
of the arch of the aorta, immediately anterior to the vagus, and terminates in the 
superficial part of the cardiac plexus (fig. 720). Filaments from both the right and 
left nerves pass to the inferior thyreoid plexus. 

(5) The external carotid nerves (fig. 719) pass forwards from the superior 
cervieal ganglion to the external carotid artery, where they divide into branches 
which anastomose freely to form around the artery the external carotid plexus. 
This plexus extends to the beginning of the artery, and is continued upon the common 
carotid artery as the common carotid plexus. From the external carotid plexus, 
filaments pass to form secondary plexuses around each of the branches of the exter- 
nal carotid artery. These plexuses take the names of the arteries which they follow, 
namely, the superior thyreoid plexus, lingual plexus, etc. Filaments pass from 
the external carotid plexus to the glomus caroticum (the carotid gland), and from 
the superior thyreoid plexus to the thyreoid gland. 

From the external maxillary (facial) plexus passes the X hetic root oj the 
submaxillary ganglion. RI 

A part of the internal maxillary plexus is continued 
artery as the meningeal plexus. From this plexus fi S pass to the otic gan- 
glion, and sometimes a branch, called by English anat@f Ms the external superficial 
petrosal nerve, passes to the geniculate sang Ra facial nerve. 


the middle meningeal 


— 


(6) Small branches to the ligaments an of the upper part of the verte- 
bral column. Y 

(7) The internal carotid nerve (asqen branch) has been described with 
the cephalie portion of the sympathetic oO 
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The middle cervical gangli all and somewhat triangular in outline. It is 
sometimes absent. Its PR variable, but it commonly lies about the level of 


the cricoid cartilage, in fro ne bend of the inferior thyreoid artery (fig. 719), and 
it is connected with the ior cervical ganglion and with the inferior cervical 
ganglion by the trunkWf Jhe gangliated cord. From the lower part of the middle 
ganglion some filaments pass behind the subclavian artery, while others pass in 
front of and bene Ahat artery and anastomose with the first-mentioned filaments 
to form a loop, Dy ansa subclavia (ansa Vieussenii) (figs. 675 and 719). Fila- 
ments from, t&iNifisa to the inferior cervical ganglion thus form another communica- 


tion betw: NN middle and inferior cervical ganglia. 
Cond ns.—The middle cervical ganglion gives off four or more connecting 


rami. 

a and b) are grey rami communicantes which connect the middle ganglion 
witKthefnterior primary branches of the fifth and sixth cervical nerves. 

ox One or more peripheral branches pass along the inferior thyreoid artery and 
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anastomose with branches from the superior and middle cardiac nerves and from the 
inferior cervical ganglion, thus taking part in the formation of the inferior thyreoid 
plexus, from which branches pass to the thyreoid gland. 

(d) The middle cardiac nerve arises by one or more branches from the ganglion, 
or from the trunk of the cord, and passes downwards behind the common carotid 
artery and, on the right side, either in front of or behind the subclavian artery, and 
then along the innominate artery to the deep part of the cardiac plexus (figs. 719 and 
720). It is frequently larger than the superior cardiac nerve. On the left side the 
nerve runs between the subclavian and common carotid arteries. On both sides the 
nerve communicates with the inferior laryngeal nerve and the external laryngeal nerve. 

The middle cervical ganglion also gives branches to the common carotid plexus. 


THE INFERIOR CERVICAL GANGLION 


The inferior cervical ganglion is irregular inform. It is larger than the middle 
cervical ganglion, and it lies deeply in the root of the neck behind the vertebral artery 
or the first part of the subclavian artery, and in front of the interval between the trans- 
verse processes of the last cervical and the first thoracic vertebre (figs. 719 and 720). 
It is connected with the middle cervical ganglion by the sympathetic trunk, and by 
filaments passing to the ansa subclavia (Vieussenii), and it is either blended directly 
with the first thoracic ganglion or connected with it by a short stout portionof the 
trunk. It gives rami to the last two cervical nerves and peripheral branches to the 
vertebral and internal mammary arteries, to the heart, and to the inferior thyreoid 
plexus. 

Connections.—(1) The rami to the seventh and eighth cervical nerves are grey 
rami communicantes. 

(2) The branches to the vertebral artery are large and they unite with similar 
branches from the first thoracic ganglion to form a plexus, the vertebral plexus 
(fig. 719), which accompanies the artery into the posterior fossa of the cranium, where 
it is continued on the basilar artery. The plexus communicates in the neck by deli- 
eate threads with the cervical spinal nerves. 


(3) The branches to the internal mammary artery form the internal mammary 


plexus. 

(4) The inferior cardiac nerve may arise from the inferior 
from the first thoracic ganglion, or by filaments from both these g 
720). It communicates with the recurrent laryngeal nerve 
cardiac nerve, and passes to the deep part of the cardiac ANS : 


ical ganglion, 
iaXfigs. 719 and 
vith the middle 
On the left side 
it frequently joins the middle cardiac nerve to form a comm crunk. 

Construction of the cervical portion of the s etic trunk.—This por- 
tion of the trunk contains both medullated and nonggagtllated fibres, and a large 
part of the former are of spinal origin. In t oe of white rami communi- 
cantes to this portion of the sympathetic mer) ident that few if any of the 
spinal or efferent splanchnic fibres are conti putet to it below the superior ganglion 
by the cervical region of the spinal cord. I d, such fibres are known to enter by 
way of the white rami from the upper thoractw#erves, and to ascend to this portion of 
the sympathetic trunk. Most of we oA terminate about the cells of the supe- 
rior, middle, and inferior cervical a, and these cells in their turn give off 
sympathetic fibres which pass b f the communicating branches mentioned 
above for the cephalic and cery ortions, to their distribution in the structures 
of the head, neck, and thora ne efferent splanchnic fibres which terminate in 
the superior ganglion CM are among those which mediate—(1) vaso-motor 
impulses for the head; cretory impulses for the submaxillary gland; (3) 
pilo-motor impulses, ney hairs of the face and neck; (4) motor impulses for the 
smooth muscle of #elids and orbit, and (5) dilator impulses for the pupil. 
The sympathetic Or fibres in the cervical portion of the sympathetic trunk 
arise from thee the upper thoracic and the cervical ganglia, and are passing 
either to SS he ganglia with each other or to enter the peripheral branches 
and gg their terminal distribution. 
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THE THORACIC PORTION OF THE SYMPATHETIC TRUNK 


The thoracic part of the trunk runs downwards on the heads of the ribs from the 
first to the tenth, and then passes a little ventralwards on the sides of the bodies 
of the lower two vertebre. Above it is continuous with the cervical portion at 
the root of the neck, behind the vertebral artery. Below it leaves the thorax dor- 
sad to the medial lumbo-costal arch (arcuate ligament), or sometimes to the 
lateral lumbo-costal arch, and continues into,the lumbar portion of the trunk. 
It lies behind the costal pleura and crosses over the aortic intercostal arteries. 

The number of ganglia in this part of the trunk is variable. There are usually 
ten or eleven, but the first is sometimes fused with the inferior cervical ganglion and 
occasionally other ganglia fuse. The ganglia are irregularly angular or fusiform in 
shape, and lie on the head of the ribs, on the costo- VR. al articulations, or on the 
bodies of the vertebree. The portions of the trunk connecting the ganglia usually are 
single,-but sometimes they are composed of two or three small cords in juxtapo- 
sition. Each ganglion, with the possible exception of the first, receives a white 
ramus communicans from a thoracic nerve and all give off grey rami communicantes 
to these nerves. 

The white rami communicantes, as they approach the sympathetic trunk, 
quite often appear double, due to the separation of alarge portion of their fibres 
into two main streams, one passing upwards in the sympathetic trunk, and one pass- 
ing downwards. Of the white rami from the upper five thoracic nerves, the upward 
stream of fibres is much larger than the downward, due to the fact that a greater 
part of the efferent splanchnic fibres from these nerves are distributed through the 
cervical portion of the sympathetic trunk, as noted above in the construction of that 
portion. Usually the w hite rami from the nerves pass directly to the cor responding 
ganglia of thetrunk, and thus liein company with the cor responding grey rami. Some- 
times, however, they may join the intermediate portions of the trunk, and in the lower 
thoracic region especially, a ramus may pass from a nerve to the ganglion corre- 
sponding to the nerve above orbelow. The fibres of the white rami from the lower 


' thoracic nerves are in greater part directed downwards in the sympathetic trunk, and 


also in its peripheral branches, to be distributed to the abdominal viscera. In all 
cases, however, some of the fibres of the thoracic’ white rami terminate in the 
ganglia nearest their junction with the trunk, while others pag*wkto the nearest 
peripheral branches. In this way the white rami from al horacie spinal 
nerves, especially those of the mid-region, are directly conc Yin the innervation 
of the thoraci ie viscera, lungs, œ sophagus, aorta, etc. 


The first thoracic ganglion is larger than the oth wlia of this region and is 
irregular in form. It may be narrow ‘ly ovoid or se ar. It lies in front of the 
neck of the first rib, behind the pleura, and on y er side of the costo-cervical 
trunk (superior intercostal artery); this vess ates it from the prolongation 
of the portion of the first thoracic nerve whi asses to the brachial plexus. It 


sometimes fuses with the inferior cervical ga%&lion, and, on the other hand, sometimes 
extends to the upper part of the second ri KO) use with the second thoracic ganglion. 
The result of the latter fusion resembl stellate ganglion of the carnivora, and 
when it occurs, is sometimes se Ojas the ganglion stellatum. When largely 


developed, the first ganglion ser(isWa branch to the cardiac plexus, the fourth 
cardiac nerve of Valentin. 

The second thoracic gam NQTI, triangular in shape and almost as large as the 
preceding, is sometimes gl n the costo-vertebral articulation, and is sometimes 
partly concealed by th ib. 

The third to the thoracic ganglia are usually placed opposite the 
heads of the Vire ribs, but the tenth and eleventh may lie on the bodies of 
the vertebre. 

The fibres yo the ganglia form two groups of branches, the central and 
the Pos NN 

The SN branches are the grey rami communicantes, which pass from the 
ganglia ANN NNPbronehes aro spinal nerves. After they have united with the an- 
teriorgu\mary divisions of the nerves, the fibres of these rami divide into four groups: 
"ON res which pass inwards along the roots of the nerves to supply the mem- 

anes of the spinal cord, or enter a meningeal or recurrent branch for the same 
z (2) fibres which enter the spinal ganglion and terminate there (sensory 
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sympathetie fibres); (3) fibres which pass dorsalwards into the posterior primary 
divisions of the nerves; (4) fibres which pass outwards in the anterior primary 
divisions of the nerves. The last two groups of fibres are distributed to the blood- 
vessels of the body-walls, to the skin-glands, and to the muscles of the hairs of the 
body. 

The peripheral branches form two series, an upper and a lower. 

Those of the wpper series pass from the upper four or five ganglia ventralwards 
and inwards to be distributed as follows :— 

(1) Pulmonary branches which accompany the intercostal arteries towards their 
aortic origin without forming plexuses around them, and pass to the posterior pul- 


monary plexus (fig. 720). 


(2) Aortic branches, some of which arise directly from the ganglia and some 
from the pulmonary branches, and unite with branches from the cardiac plexus 
and from the splanchnic nerves to surround the aorta as the thoracic aortic 
plexus (fig. 720). This plexus accompanies the aorta into the abdomen and there 
joins with the cceliac (solar) plexus. 

(3) CEsophageal branches join with the cesophageal plexus of the vagus. 

(4) Vertebral branches, some of which pass with the nutrient arteries into the 
bodies of the vertebrae and some of which pass to the median line and there anastomose 
with similar branches from the opposite side (commissural branches). 

The peripheral branches forming the lower series consist largely of efferent fibres 
from the spinal nerves, which pass through the ganglia and reinforce the sympathetic 
filaments proper. Thus composed, these branches run ventralwards and inwards on 
the sides of the bodies of the vertebrae and unite to form the splanchnic nerves 
which supply the abdominal organs. 

(1) The great splanchnic nerve may be formed by branches from all the 
thoracic ganglia from the fifth to the tenth inclusive, or it may receive fibres from 
only two or three of these ganglia (fig. 719). It is usually formed by branches from 
the fifth to the tenth. The superior branch, usually the largest, receives smaller 
inferior branches from the lower ganglia as it passes downwards on the sides of the 
bodies of the vertebre in the posterior mediastinum. The nerve enters the abdomi- 
nal cavity by passing through the crus of the diaphragm, and joins the upper end of 
the cceliae (semilunar) ganglion of the cceliac (solar) plexus. Near the bottom of the 
eleventh or the top of the twelfth thoracic vertebra there is formed on the nerve 
the splanchnic ganglion. Filaments from the nerve and fro Gonzo pass 
along the intercostal arteries to the aorta, oesophagus, and thay racic duct, and 
some fibres from the right side pass to the vena azygos ( Sometimes this 
nerve divides into two cords, giving off numerous branchgs\vkich anastomose with 
each other and with the small splanchnic nerve to fo plexus, in the meshes of 
which are found some small ganglia. NS 

(2) The lesser splanchnic nerve receives fibfe& from the ninth and tenth 
ganglia. Its course is similar to that of the greet Xichnie nerve (fig. 719), but on 
a posterior plane, and it terminates in the ccekac\gofar) or renal plexuses. 

(3) The least splanchnic nerve, not alwg% present, arises from the last thoracic 
ganglion or sometimes from the small splarghyne nerve. It passes through the crus 
of the diaphragm and ends in the renal pJjexus. 

Construction of the thoracic jon of the cord.— The majority of the 
sympathetic fibres which pass from itral nervous system enter the thoracie por- 
tion of the sympathetic trunk 4 d there in ramifications around the cells of 
its ganglia, while others merelaWs through on their way to more distant termina- 
tions. With regard to thoe ch terminate in the ganglia, it has been shown that 

S) 


in the dog and cat many endjin the ganglion stellatum, which corresponds with the 
last cervical and the upper “three or four thoracic ganglia in man. Among these are 
the fibres conveyirtyG@retory impulses to the sweat-glands of the upper limb, 
which emerge fron > spinal cord in the thoracic nerves from the sixth to the 
ninth, and, in fl , vaso-constrictor fibres of the pulmonary blood-vessels which 
leave the spi&( Nord in the second to the seventh thoracic nerves. Other fibres 
which rena around the thoracic sympathetic ganglion-cells in the dog and cat 
are the vaso-Nonstrictor fibres for the upper limbs and some of the vaso-constrictor 
fibres ink lower limbs. 

bres which traverse the thoracic portion of the sympathetic trunk to gain 
oo terminations, some ascend to the cervical region (p. 1007), others descend 
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to the lumbar region, and many pass by the immediate peripheral branches to the 
splanchnic nerves. 

Among those which descend to the lumbar region are pilo-motor fibres, vaso-motor 
fibres, and secretory fibres to the lower limb, some vaso-constrictor fibres to the ab- 
dominal blood-vessels, motor fibres to the circular, and inhibitory fibres to the longi- 
tudinal muscle of the rectum. The latter enter the sympathetic trunk by the lower 
thoracic nerves and pass in the lumbar peripheral branches to the aortic plexus, and 
terminate around the cells of the inferior mesenteric ganglion. 

The fibres which pass through the thoracie ganglia to the splanchnic nerves are 
mainly vaso-motor fibres to the abdominal blood- vessels; the majority of them 
probably terminate around the cells of the ganglia in the coeliac (solar) plexus, but 
those for the renal blood-vessels no doubt end in the renal ganglia. In addition to - 
all the above-mentioned fibres there are in the thoracic part of the sympathetic trunk 
afferent (splanchnic sensory) fibres of both sympathetic and cerebro-spinal type, 
passing towards the spinal ganglia and dorsal roots of the thoracic spinal nerves. 


THE LUMBAR PORTION OF THE SYMPATHETIC TRUNK 


The lumbar portion of each trunk lies on the fronts of the bodies of the vertebree 
along the anterior border of the psoas muscle, and nearer to the median line than the 
thoracic portion. It is connected with the thoracic portion of the sympathetic trunk 
by a slender intermediate portion of the trunk that may pass through the diaphragm 
or behind it (fig. 719). The continuation of the lumbar into the sacral portion is also 
slender, and descends behind the common iliac artery. The right trunk is partly 
covered by the vena cava inferior and the left by the aorta. 

The ganglia, which are small and oval, vary in number from three to eight, but 
are usually four. Rarely they are so fused as to form one continuous ganglion. 

White rami communicantes pass to the ganglia from the first two or three lum- 
bar nerves only. This portion of the trunk also receives efferent splanchnic fibres 
which are derived from the white rami communicantes of the lower thoracic nerves 
and continued downwards in the trunk. 

Branches.—As in the thoracic region, the communicating branches are central 
and peripheral. The central are grey rami communicantes. iere may be two 
branches to a nerve or one ramus may divide so as to join adjacent spinal 
nerves. Sometimes a spinal nerve may receive as many as NN ‘ey rami from the 
sympathetic trunk. 

The peripheral branches include:—(a) Branches pasg 
part in the formation of the aortie plexus; (b) branches 
common iliae artery to the hypogastrie plexus; any 


ligaments. 
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The sacral part of each trunk passes mwards in front of the sacrum, imme- 
diately outside the inner borders of th terior sacral foramina. It is continu- 
ous above with the lumbar portion ofPe trunk, and below it anastomoses freely in 
front of the coccyx with the trunk other side to form a plexus in the terminus 
of which is the coccygeal ga (ganglion coccygeum impar) (fig. 719). Like 
the cervical and lower lum tions of the sympathetic trunk, the sacral part 
receives no white rami comrgeqNehntes from the spinal nerves. 

The sacral ganglia gf ll in size, and usually four in number. The variation 
both in size and numb more marked in this portion of the trunk than in the 
other two parts. 

Branches.—Tt Coches of the sacral ganglia include:— 

A Grey ram amunicantes to the sacral nerves. 

) br ANS ENP the front of the sacrum which anastomose with their fellows of 
d We NN Ye (commissural branches). 
(3) NY es which enter into the formation of the plexus on the middle sacral 


artery. 


the aorta and taking 
h descend in front of the 
anches to the vertebra and 
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ranches which join the pelvic plexuses. 
ranches given off by the ganglion coccygeum impar to the coccyx and its 


am and to the glomus coccygeum (cocey geal g land). 


THE PREVERTEBRAL PLEXUSES 1011 


Construction of the lumbar and sacral portions of the sympathetic trunk.— 
The ganglia of both these portions of the trunk are very variable in shape, size, position, 
andnumber. There are usually four ganglia belonging to each portion, but sometimes 
as many as eight may be distinguished i in the lumbar or there may be as many as six 
in the sacral portion. In the majority of cases, especially in the sacral region, these 
masses of cells are so fused that their number is less than the number of “the ‘spinal 
nerves with which they are associated. As noted above, only the first two or three 
lumbar spinal nerves send white rami which connect as such directly with these 
ganglia. However, splanchnic efferent fibres descend this entire stretch of the 
trunk, through both the lumbar and sacral portions, from the white rami of the 
lower thoracic and the upper lumbar nerves above. These fibres either terminate in 
the various ganglia or pass uninterrupted into the peripheral branches, and are con- 
cerned in the transmission of impulses which are vaso-motor to the genital orguns, 
motor for the uterus, the vas deferens, and the circular coat of the bladder. Also, 
some of them convey secretory, pilo-motor, and vaso-motor impulses for the glands, 
skin, and vessels of the lower extremity in addition to the similar impulses conveyed 
in the peripheral branches from the lower part of the thoracic portion of the sympathetic 
trunk. The motor fibres for the uterus or vas deferens and for the bladder pass, 
in most part probably, by way of the peripheral branches from the lumbar portion 
of the cord, through the aortic plexus to the inferior mesenteric ganglion; others, 
the vaso-motor fibres to the genital organs especially, pass by way of the sacral gan- 
glia and the peripheral branches from them tothe hypogastric or pelvic plexus and the 
appropriate sub-plexuses of this region. Of the vaso-motor fibres for the penis, some 
of the constrictor fibres pass down the sacral portion of the sympathetic trunk and 
terminate about the cells of the sacral ganglia, and these cells send out sympathetic 
fibres which join and course in the pudic ner ve (n. pudendus). 

All of both the lumbar and sacral spinal nerves receive grey rami from the sympa- 
thetic trunk. These, just as those from the other portions of the trunk, consist of — 
(1) vaso-motor fibres to the meninges and vessels of the vertebral canal: (2) sympa- 
thetic fibres which join the divisions of the spinal nerves and course in them to their 
distribution, and (3) afferent sympathetic fibres terminating in the spinal ganglia. 

In addition to the efferent splanchnic fibres, the branches of the lumbo-sacral por- 
tion of the sympathetic trunk carry cerebro-spinal fibres of genaral sensibility— 
sensory fibres arising in the spinal ganglia of this and the lower th region. 

There are no white rami proper passing from the sacral spit erves to course or 
terminate in the sympathetic trunk. Efferent splanchnic fibi given off by these 
nerves in abundance, but, instead of entering the trunk ; Ss ganglia, they form 
bundles which pass over the trunk and directly into Ò eNpheral branches. The 
bundles passing from the second, third, and foun (sl nerves are large and 
especially definite. While homologous to white , such bundles are better 

cS 


known as the visceral branches of the sacral or the pelvic splanchnics. 
They contain some cerebro-spinal sensory KC) erent splanchnic), but consist 
for the most part of efferent splanchnic Sgbre3; conveying impulses, vaso-motor 
(vaso-dilator, chiefly) to the genital orga th motor and inhibitory for the rec- 
tum, uterus, and bladder (longitudinal com€specially), and secretory for the pros- 
tate gland. These fibres contribute he hypogastrie plexus and are interrupted 
in the small ganglia of its sub-plexu amed according to the various urino-genital 


organs concerned, NO 


THE m T PREVERTEBRAL PLEXUSES 


The great preverGeyal plexuses are three in number,—the cardiac, the cceliac 
(solar or Epinal ay the hypogastric or pelvic. Thec ardiac plexus lies behind and 
below the arch D orta, and the cceliac and hypogastric plexuses are situated in 
r vertebre. Each plexus receives not only sympathetic fibres 
Néd from or through the ganglia of the sympathetic trunks of either 


front of th 

which ha NS 

side, but aNQ*both afferent and efferent cere ebro-spinal nerve-fibres derived directly 

from cerebro-spinal nerves. In addition the cardiac and cceliac plexuses receive 

bot eyent splanchnic and cerebro-spinal sensory or afferent splanchnic fibres 

from W6th vagus nerves. It should be clearly understood that the branches which 
rom the sympathetic trunks to the prevertebral plexuses contain medullated 
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Fic. 720.—Carpiac, PULMONARY, AND CORONARY PLEXUSES. 
(Modified from Cunningham.) 


(Schematic.) 
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fibres which are passing, like the fibres from the sacral nerves, directly from the 
spinal cord to the cells of the plexuses. 


Tur CARDIAC PLEXUS 


The cardiac plexus is formed by the cardiac branches from both vagus nerves and 
from both sympathetic trunks. It lies beneath and behind the arch of the aorta, in 
front of the bifurcation of the trachea, and extends a short distance upwards on the 
sides of the trachea. It is composed of a superficial and a deep part (fig. 720). 

The superficial part of the cardiac plexus is much smaller than the deep part, 
and lies beneath the arch of the aorta in front of the right pulmonary artery. It is 
formed chiefly by the cardiac branches of the left vagus and by the left superior 
cardiac nerve, but sometimes receives filaments from the deep cardiac plexus. The 
cardiac ganglion (ganglion of Wrisberg), usually found connected with this 
plexus, lies on the right side of the ligamentum arteriosum. 

Branches.—From this plexus some connecting branches pass to the left half 
of the deep cardiae plexus, and others accompany the left pulmonary artery to the 
lejt anterior pulmonary plexus. It also sends branches to the right anterior coror ary 
plexus. 

The deep portion of the cardiac plexus lies behind the arch of the aorta at the 
sides of the lower part of the trachea and in front of its bifurcation. It consists of 
two lateral parts, more or less distinct, connected by numerous branches, which pass 
around the lower part of the trachea. It is formed by the superior, middle, and infe- 
rior cervical cardiac branches from the right sympathetic trunk, the middle and in- 
ferior cervical cardiac branches from the left trunk, and all the cervical and thoracic 
cardiac branches of the vagus nerves except the inferior cervieal cardiae branch of 
the left vagus. It also receives branches from the superficial cardiac plexus. 

The lejt part oj the deep cardiac plexus gives branches to the left atrium (auricle) 
of the heart, to the left anterior pulmonary plexus, to the left coronary plexus, and 
sometimes to the superficial part of the cardiac plexus. 

The right part of the deep cardiac plexus gives branches to the right atrium, to the 
right anterior pulmonary plexus, and to the right and the left coronary plexuses 
(fig. 720). The branches to the left coronary plexus pass behind the pulmonary 
artery. Some of those to the right coronary plexus pass aeree some posterior 


to the right pulmonary artery. NS 

The coronary plexuses are formed by branches given fy he cardiac plexus. 
They accompany the coronary arteries and are right and 

The anterior (right) coronary plexus receives filamentsom the superficial part of 
the cardiae plexus, but is formed chiefly by eg the right portion of the 
deep cardiac plexus (fig. 720). Its distribution e heart follows that of the 
right coronary artery. 

The posterior (left) coronary plexus is larggr 
for the most part by filaments from the lefportion of the deep cardiac plexus, but 
it receives some filaments from the right pNi*n of the deep cardiac plexus (fig. 720). 
Its distribution to the heart follows that ome left coronary artery. 


tle anterior plexus, and is formed 


rvous structures in the walls of the atria are the 
remains of the primitive plexuses fougg he embryo, which are called the bulbar, the inter- 
mediate, and the atrial plexuses, tegni 1 sufficiently indicate their relative positions. The 
bulbar plexus gives off the çoronaN 'ves and is transformed into the superficial part of the 
deep cardiac plexus; the remai J| the deep cardiac plexus is formed by the intermediate 


plexus. and the atrial iu js the network of the atrium. 


The fibres which passSwwf the cardiac plexus are medullated and non-medullated ; 
foy, the latter motor. The inhibitory impulses leave the cen- 
tral nervous UC T the spinal accessory and vagus nerves. The motor fibres 
leave the sping d by the ventral roots and white rami communicantes of the 


The cardiac plexus and the networl 


the former are inhsb 


: + . > . . A 
thoracic new 2nd terminate about the cells of the intervening sympathetic 
ganglia. the cells of these ganglia arise the non-medullated (grey) fibres of 


the plexus. 


*Q Tug CarrAc PLEXUS 
C TNé cceliac (solar or epigastric) plexus is the largest of the prevertebral plexuses. 


© 
AS 


unpaired, and is continuous above with the aortic plexus of the thorax and below 
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with the abdominal aortic and superior mesenteric plexuses. It lies in the epigastric 
region of the abdomen behind the bursa omentalis (lesser sac of the peritoneum) and 
the pancreas, upon the crura of the diaphragm and over the abdominal aorta, and 
around the origin of the cceliac and the superior mesenteric arteries. It occupies the 
interval between the suprarenal bodies and extends downwards as far as the renal 
arteries. It is formed by the great and the lesser splanchnic nerves of both sides, by 
coeliac branches of the right vagus, and by filaments from the upper lumbar ganglia of 


Fig. 721.—ABDOMINAL PLEXUSES OF THE SYMPATHETIC. (After Toldt, “Atlas of Human An- 
atomy,” Rebman, London and New York.) 
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N 
the eS a NIE sometimes receives eceliae branches from the left vagus. 
It contains two Lo No e the right and left coeliac (semilunar) ganglia (fig. 721). 
The ANN ilunar) ganglia are two large, flat, irregul: arly sh haped masses, 
2 NN NN varying number of ganglia. These two masses, or rather the 


smaller gang NN which compose them, are connected by à varying number of com- 
municatw branches. Each mass, right and left. lies upon the corresponding crus 
of iN ragm, at the inner border of the corresponding suprarenal body, being 

sopaetimes overlapped by this body. The right mass lies behind the inferior vena 
Each cceliac ganglion receives at its upper border the greater splanchnic 


wl 
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nerve, and, near its lower border, lying over the origin of the renal artery, is a more 
Or less detached part, known as the aortico-renal ganglion. This ganglion receives 
the lesser splanchnie nerve and may seemingly give origin to the greater part of the 
renal plexus. Another part of the cceliac ganglion, often found "behind the origin 
of the superior mesenteric artery, is known as the superior mesenteric ganglion 
(fig. 721). 

From the cceliac plexus and its ganglia subordinate plexuses are continued upon 
the aorta and its branches. These comprise both paired and unpaired plexuses. 
The paired plexuses are the phrenic, suprarenal and renal, the spermatic in the male, 
and, in the female, the ovarian plexuses. ‘The unpaired plexuses are the aortic, 
hepatic, splenic, superior gastric, inferior gastric, superior mesenteric, and inferior 
mesenteric. 

That part of the coeliac plexus surrounding the coeliae artery was formerly de- 
scribed as the celiac plexus. It is better consider ed as an unnamed part of the larger 
coeliac plexus. This part of the plexus receives fibres from both vagus nerves, and 
gives filaments that form plexuses around the branches of the coeliac artery and their 
ramifications. 

The paired subordinate plexuses :—(1) The phrenic (diaphragmatic) plexuses 
consist of fibres from the upper part of the coeliac ganglia, which follow the inferior 
phrenie arteries and their branches on the under surface of the diaphragm (fig. 721). 
Filaments are given off by the roots of the plexuses to the suprarenal bodies, and 
others unite with the terminal branches of the phrenic nerves. The point of junc- 
tion with the right phrenie nerve is marked by the phrenic ganglion, from which 
branches are distributed to the inferior vena cava, to the right suprarenal body, and 
to the hepatic plexus. 

(2) The suprarenal plexuses are comparatively large plexuses, formed mainly 
by branches from the cceliac (semilunar) ganglia. However, fibres come to them 
from the cceliac plexus along the suprarenal arteries, from the phrenic. plexus 
along the inferior phrenie arteries, and from the renal plexus along the inferior 
suprarenal arteries. They are distributed to the substance of the suprarenal bodies. 

(3) The renal plexuses receive fibres from the lower part of the cceliac ganglia 
and from the cœliac and aortic plexuses. They also receive filaments from the 
least splanchnie nerves, when these nerves are present, and sonfetimes filaments 
from the small splanchnic nerves and from the first lumbar gar of the sympa- 
thetic trunk. These plexuses pass along the renal arteries in xS sfibstance of the 
kidneys. Most of the fibres of each renal plexus are grey e and as they pass to 
the kidneys small renal ganglia are developed upon the(M Both renal plexuses 
give branches to the corresponding spermatic ud ae 1d to the ureter, and the 


right renal plexus gives filaments also to the inferk Qu cava 

(4a) The spermatic plexuses (fig. 721) are Loy ¥by fibres from the renal and 
aortic plexuses. They accompany the sperm eries and are joined at the ab- 
dominal inguinal (internal abdominal) ringgby es that have passed along the vas 
deferens from the pelvic plexuses. Me filaments are distributed to the 


testis and the epididymis. oO.” 
(4b) The ovarian plexuses are KeA in the female like the spermatic plexuses 
in the male. They accompany t rian arteries and, in the broad ligament, 
receive fibres from the utero-vag ies They supply the ovaries, the broad 
ligaments, and the F agpang NN send some fibres to the fundus of the uterus, 
where they become continuo N h the utero-vaginal plexus. 
The unpaired subo, e plexuses:—(1) The abdominal aortic plexus is 
formed by two strands ores which descend along the sides of the aorta and 
communicate with each Oefer across its ventral aspect. It is connected above with 
the renal plexuses it receives peripheral branches from some of the lumbar 
ganglia of the sy letic trunk on each side. It often contains a number of gan- 
glia, which aree ed at the points where the peripheral branches join the plexus, 
and it tert UN S° below, chiefly by anastomoses with the hypogastric plexus (figs. 
721 and Besides giving filaments to the inferior vena cava, it also gives 
fibres thatNorm plexuses along each of the branches of the aorta. The fibres that 
pass fequi the lower end of the aortic plexus upon the common iliac artery form 
TO: lexus, which is continued along the femoral artery as the femoral plexus, 
1 Sill further along the popliteal artery as the popliteal plexus. 
Oo The superior gastric (coronary) plexus, receiving filaments from the 
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cceliae plexus, accompanies the left gastric (coronary) artery along the lesser curva- 
ture of the stomach. Its filaments anastomose with filaments of the vagus nerves 
and with the plexus that accompanies the right gastric (pyloric) artery (fig. 721), 
and it gives fibres to the walls of the stomach "which connect, within the walls, 
with the delicate gangliated plexus myentericus and plexus submucosus (plexuses 
of Auerbach and Meissner). 

(3) The inferior gastric plexus receives from the splenic plexus filaments that 
accompany the left gastro-epiploic artery. It gives filaments to the walls of the 
stomach, and communicates with filaments from the vagus nerves and with the plexus 
that accompanies the right gastro-epiploic artery. 

(4) The hepatic plexus receives filaments from the cceliac plexus and from the 
left vagus. It accompanies the hepatic artery and gives fibres that form plexuses on 
the branches of the artery and on their ramifications within the liver. It also gives 
filaments to the portal vein (fig. 721). 

The splenic or lienal plexus is formed by filaments from the cceliac plexus, the 
left coeliac (semilunar) ganglion, and from the right vagus. It accompanies the 
splenic artery and gives filaments which form plexuses on the branches of this artery, 
and which pass w ith the branches to supply fibres to the stomach and the pancreas 
(fig. 721). 

(5) The superior mesenteric plexus is formed chiefly by filaments from the 
lower part of the coeliac plexus, but it also receives fibres from the right vagus and 
fibres direct from the cceliac (semilunar) ganglia. At the origin of this plexus, 
behind the superior mesenteric artery, lies the superior mesenteric ganglion (fig. 721). 
The filaments of the plexus, which are white and firm, accompany the superior 
mesenteric artery and, following its branches and their ramifications, are distributed 
to the walls of the small intestine, the cecum, and the ascending and transverse 
colon. From the secondary plexuses that accompany the branches of the artery fibres 
pass to form still other plexuses that lie near the wall of the intestine, between 
the branches of the artery and between the layers of the mesentery. Filaments 
pass with the branches of the arteries and from plexuses between them into the 
intestinal wall, and there form between the longitudinal and circular muscle layers 
of the intestine the fine gangliated plexus myentericus (plexus of Auerbach), and 
filaments from this plexus form in the submucosa the delicate plexug submucosus or 
plexus of Meissner. xo 

(6) The inferior mesenteric plexus is derived chiefly fro: ft side of the 
aortie plexus. It descends upon the inferior mesenteric OY and gives off fila- 
ments which accompany the branches of the artery a distributed to the 
descending colon and to the ilio-pelvie colon (figs. 721d 722). The filaments 
which accompany the left colic branch of the inferiog enteric artery anastomose 
with the filaments of the superior mesenteric plex AS ich accompany the middle 
colic artery. The filaments which accompar superior hemorrhoidal artery 
form the superior nonor Racan PT lexus gives off the superior 

e 


hemorrhoidal nerves (fig. 722) which supply upper part of the rectum and anasto- 
mose with the middle hemorrhoidal plexus. QO 


THE ASTRIC PLEXUS 


The hypogastric plexus lies G Win the abdominal cavity and partly in the 
pelvic cavity. It is formed NY 7 by filaments continued downwards from the 
aortic plexus, and by t N ‘splanchnics and peripheral branches from the 
lumbo-sacral nerves anl syMpathetic trunk (fig. 716). The abdominal part of 
this plexus consists of p orm bundles of fibres descending between the common 
iliac arteries and im i in front of the fifth lumbar vertebra to form a broad, 
flattened, ped NT In its extent it receives branches from the lumbar 
ganglia of the : hetie trunk. This plexiform mass then divides into two parts, 

S 

Wie 


right and | h descend into the pelvic cavity and which, by English authors, 
are oN signated as the pelvic plexuses. 

The an parts of the hypogastric plexus (pelvic plexuses) lie at the sides of the 
rectumajX the male, and at the sides of the rectum and the vagina in the female. 
They ve peripheral branches from the sacral ganglia of the ‘sympathetic trunk 
afd eNérent splanchnic fibres by way of the pelvic. splanchnics from the second and 

or third and fourth sacral spinal nerves. Each pelvic part of the plexus accom- 


—— 
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panies the corresponding hypogastrie (internal iliac) artery, and gives off secondary 
plexuses that continue on the branches of the artery to the pelvic viscera. Of these 
secondary plexuses, the middle hemorrhoidal and the vesical plexus are common to 
both sexes and are paired. 

The middle hemorrhoidal plexus passes on each side along the middle hæmor- 
rhoidal artery to the rectum, where it receives the superior hemorrhoidal nerves and 
sends filaments into the wall of the rectum (fig. 722). 


Fie. 722.—Tur HypoGastric AND SUB-PLEXUSES OF THE PELvic Cavrry. (After Spalteholz.) 
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plexus, is largely reinforced by the pelvic splanchnies, from the third and fourth 
sacral e9 Each part passes along the corresponding vesical arteries to the blad- 


derAdgnd’ gives off two sets of branches, namely, the superior vesical nerves (fig. 722), 
y Supply the upper part of the bladder-wall and send some branches to the ureter, 
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and the inferior vesical nerves, which supply the lower part of the bladder and, in the 
male, give secondary deferential plexuses to the vas deferens. These plexuses sur- 
round the vasa deferentia and the vesicule seminales and anastomose with the 
spermatic plexuses. 

The prostatic plexus, found only in the male, is formed in two parts by nerves 
of considerable size, and lies chiefly on the sides of the prostate gland between it and 
the levator ani (fig. 722). Each of these parts supplies the gland and the prostatic 
part of the urethra, and sends offsets to the neck of the bladder and the vesicule 
seminales. This plexus is continued forwards on either side to form the cavernous 
plexus of the penis (fig. 722), which anastomoses with branches of the dorsal nerve 
of the penis, gives off branches to the membranous part of the urethra, and also 
gives origin to two sets of nerves, namely, the large and the small cavernous nerves of 
the penis. 

The large cavernous nerve, one on each side, runs forwards to the middle of the 
dorsum of the penis, where it anastomoses with the dorsal nerve of the penis on the 
corresponding side, and ends in twigs which are distributed chiefly to the corpus caver- 
nosum penis, but some of the terminal filaments supply the corpus cavernosum 
urethre (corpus spongiosum) (fig. 722). 

The small cavernous nerves are small filaments which pierce the uro-genital 
trigone (triangular ligament) and the compressor urethre, and enter the posterior 
part of the corpus cavernosum. 

The plexus utero-vaginalis, found in the female, is formed in its wpper part on 
each side largely by fibres derived from the pelvic part of the hypogastric plexus, but 
it receives some fibres from the pelvic splanchnics of the third and fourth sacral 
nerves. The nerves from this part of the plexus accompany the uterine arteries as 
they pass between the layers of the broad ligament. Some accompany each uterine 
artery and its branches to their termination, but a considerable number of fibres 
leave the artery and pass into the body of the uterus to supply its lower part and 
cervix. Between the layers of the broad ligament this plexus anastomoses with 
the ovarian plexus and sends some filaments to the tuba uterina (Fallopian tube). 
The lower part of the plexus utero-vaginalis receives some fibres on each side from 
the pelvic part of the hypogastric plexus, but it is formed chiefly by efferent 
splanchnic fibres from the second, third, and fourth sacral nervesy It supplies the 
wall and mucous membrane of the vagina and urethra. Fro ^ plexus on the 
anterior surface of the vagina fibres pass to form the cay plexus of the 
clitoris, which gives off the great and lesser cavernous n of the clitoris for 


the supply of the clitoris. The utero-vaginal plexus of emale corresponds to 


the prostatic plexus of the male. 
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SENIOR SURGEON TO THE ROYAL LONDON OPHTHALMIC HOSPITAL, MOORFIELDS; OPHTHALMIC SURGEON TO THE | 

NATIONAL HOSPITAL | 


| 
THE EYEBALL AND ITS SURROUNDINGS | 
| 


GENERAL SURFACE VIEW 


$ 
This examination is to be made prior to any disturbance of the parts, and is, indeed, best 
l conducted on the living body. A pocket magnifying lens should be at hand for use when required. 


HE two eyes are situated nearly in the line where the upper and middle thirds 
F of the face meet; they lie right and left of the root of the nose, the most 
prominent part et the front of each globe being about 3 cm. 
the middle line of the face. Each eye is ov 'ershadowed by the SU 
brow, and is capable of being concealed by its eyelids, upper a 
The orbital margin may be traced all round with the fingez! 
the inner and mid lle thirds of the upper margin the suprageNit» notch can usually 
be felt, and the supraorbital nerve passing througl 1 it ca etimes be made to roll | 
from side to side under the finger. The inner margin xO: most difficult to trace 
in this way, partly because it is more rounded off ND. others, partly because 
it is bridged over by a firm fibrous band (tend or inner palpebral liga- | 
ment), passing inwards from the eyelids; betowWbes band, however, a sharp bony I 
crest is felt, which ies in front of the lachzf&qal sac. Note how the eye is pro- 
tected by the rim of the orbit, above and felbw; if we lay a hard flat body over 
the orbital opening, it will rest upon tkepupper and lower bony prominences, and 


(14 in.) from | 
"bonding eye- 


———— Ó€— 


t the junction of 


will not touch the surface of the oO awards, the eye is protected from injury 
mainly by the bridge of the nose; rds it is most readily vulnerable, as here 
the orbital rim is eomparativ SASS fith one finger placed over the closed upper 


lid, now press the eyeball gen Mc fut into the orbit, and observe the elastic 
resistance met with, due t AE that the globe rests posteriorly on a pad of fat. 

The space between, there? edges of the upper and lower lids is known as the 
palpebral aperture: s a mere slit when the lids are closed; but when they are 
open its shape is, roa | that of an almond lying with its long axis horizontal, 
and about thirty Ru) Metres in length. 

When the AN directed to an object straight in front of them, this aperture 
is about twelg limetres wide, but its width varies with upward and downward 
movements % 2 NS eball, being greatest on looking strongly upwards, diminishing 
gradually ag the eye looks progressively lower. The “angles formed by the meeting of 
the lids ch end of the palpebral aperture are named respectively the outer and 
in er Qt us, of which the outer, or temporal, is sharp, while the inner, or nasal, 
| is wnded off. On a closer inspection, it will be found that, for the last five milli- 
| I or so before reaching the inner canthus, the edges of the lids run an almost 
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parallel course, and are here devoid of lashes. "Through the open palpebral aperture 
the front of the eyeball comes into view, extending quite to the outer, but not 
reaching as far as the inner, canthus; just within the latter we find a small reddish 
prominence, the lachrymal caruncle; and between this and the eyeball a fold of 
conjunctiva known as the plica semilunaris. While the eye is open, press one 
finger on the skin, a little beyond the outer canthus, and draw it firmly outwards 
from the middle line; observe that the upper lid then falls over the eyeball, and 
that the outline of a firm band already referred to (the tendo oculi) becomes evident, 
passing between the inner canthus and the nose. The falling of the lid is caused 
by our dragging upon a ligament (the outer palpebral raphé) to which the outer 
end of its tarsus is attached, and so putting the lid itself upon the stretch. If, 
while the eyeball is directed downwards, we place one finger on the outer end of the 
upper eyelid and draw it forcibly upwards and outwards, we can usually cause the 
lower division of the lachrymal gland to present just above the outer canthus. 

The upper eyelid is much broader than the lower, extending upwards as far as 
the eyebrow. ‘The skin covering it is loosely attached to the subjacent tissues above, 
but more firmly below, nearer the free margin, where it overlies a firm fibrous tis- 
sue called the tarsus. When the eye is open, a fold is present at the upper border 
of this latter more tightly applied portion of skin, called the superior palpebral 
fold, and by it the lid is marked off into an upper or orbital, and a lower or tarsal, 
division. The presence of the tarsus can be readily appreciated on our pinching 
horizontally the entire thickness of the eyelid below the palpebral fold. The lower 
eyelid is similarly divided anatomically into a tarsal and an orbital part, but the 
demareation is sometimes unrecognisable on the surface, though there is usually 
here also a fold or groove (the inferior palpebral) visible when the eye is widely 
opened. There is no precise limit of this lid below, but it may be regarded as 
extending to the level of the lower margin of the orbit. Numerous very fine short 
hairs are seen on the cutaneous surface of both eyelids. The free margin of each 
lid has two edges—(a) An outer, or anterior, rounded edge, along which the stiff 
eyelashes, or cilia, are closely placed in several rows; and (b) a sharp posterior 
edge, w hich is a pplied to the surface of the globe (see fig. 443). The lashes of both 
eyelids h 1ave their points turned away from the palpebr al aperture, so that the upper 
ones curve upwards, and the lower downwards; the cilia of the«ipper lid are the 
stronger, and those in the middle of each row are longer NN ose at each end. 
Between the two edges just described, the lid-margin has a sie) A Surface, on which 
we observe a single row of minute apertures, which are thd S uds of large modi- 
fied sebaceous glands (the tarsal or Meibomian glands Nt is by these glistening, 
well-lubricated surfaces that the opposite lids come à *pposition when they are 
closed. The sharp posterior edge of the lid- mare NN 5 the situation of the transi- 
tion of skin into mucous membrane. Not far Nthe inner end of this edge we 
find a prominence, the lachrymal papilla, summit of which is a small hole 
(lachrymal punctum), the opening of A culus for the passage of tears into 


€ 


the lachrymal sac. The lower punctum%g rather larger than the upper, and is 
placed further from the inner canthus. Q 

If we now examine the inner syzfac®*of the eyelids—e. g., of the lower—we 
observe that it is lined by a soft ~Yégus membrane, the palpebral conjunctiva. 


Over the tarsal part of the lid th njunctiva is closely adherent, but beyond this 
it is freely movable along wit eese submucous tissue here present. On tracing 
it backwards, we find that 1NQWYers the whole inner surface of the lids, and is then 


continued forwards oveyt font of the eyeball, forming the ocular conjunctiva; 

the bend it makes as it @hag¥s its direction here is called the conjunctival cul-de-sac, 

fornix. Numerous ‘derlying blood-vessels are visible through the palpebral 
conjunctiva, and 4deyth the tarsal part of it we can see a series of nearly straight, 
parallel, light iN lines, arranged perpendicularly to the free margin of the 
lid—the tarsa ds. The conjunctiva over the outer and inner fourths of each 
lid is not NS smooth as elsewhere, and is normally of a deeper red colour; we 
shall ENS that there are glands well developed in these positions. 

When eyelids are opened naturally, we see through the palpebral aperture 
the fallNwing: the greater part of the transparent cornea, and behind it the coloured 
irN(Nth)the pupil in its centre; white sclerotic to the outer and inner sides of the 

orí; the semilunar fold and lachrymal caruncle at the inner canthus. The 
en of the eyeball visible in this way varies according to its position. Thus, 


—€———— 


———— See 
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with the eyes looking straight forwards, the lower margin of the upper lid is nearly 
opposite to the top of the cornea, or, more strictly, to a line midway between the 
top of the cornea and the upper border of the pupil, while the lower lid corresponds 
with the lower corneal margin. When the eyes are directed strongly upwards, the 
upper lid is relatively on a slightly higher level, as it is simultaneously raised, but 
the lower lid now leaves a strip of sclerotic exposed below the cornea. On looking 
downwards the upper lid covers the upper part of the cornea as low down as the 
level of the top of the pupil, while the lower lid is about midway between the pupil 
and the lower corneal border. 

If we draw the eyelids forcibly apart, we expose the whole cornea, and a zone 
of sclerotic about eight and a half millimetres in breadth above and below, and ten 
millimetres in breadth to the outer and inner sides—altogether about one-third of 
the globe; all the eyeball thus exposed is covered by the ocular conjunctiva. Over 
the sclerotic the conjunctiva is freely movable, and through it we see superficial 
blood-vessels that can be made to slip from side to side along with it (conjunctival 
vessels). Occasionally other deeper vessels may also be seen which do not move 
with the conjunctiva, but are attached to the sclerotic (anterior ciliary arteries and 
veins). Near the corneal border the conjunctiva ceases to be freely movable, and 
it is closely adherent to the whole anterior surface of the cornea, giving the latter 
its characteristic bright, reflecting appearance; no blood-vessels are visible through 
it here in health. (When the lids are shut, the space enclosed between their pos- 


Fic. 723.—Virew or EYEBALL, Erc., OBTAINED ON DRAWING THE Lips FORCIBLY APART. 
(After Merkel, slightly modified.) 
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terior surfaces and the front of the eyeball is C ‘here covered by conjunc- 
tiva, and is known as the conjunctival Sac.) 
Not unfrequently the tendinous insertions né or all of the recti muscles 


into the sclerotic may be seen through the 3 Q5 each insertion appearing as 
a series of whitish parallel lines running (rds, but terminating about seven 
millimetres from, the corresponding cogne% border. The cornea appears as a 
transparent dome, having a curvature, @é€gter than that of the sclerotic; the junc- 
tion of the two unequally eurved su s is marked by a shallow depression run- 
ning around the cornea, known: Scleral sulcus. In outline the cornea is 
nearly circular, but its horiz NN lameter is slightly greater than its vertical. 
Between it and the iris a sp: s, whose depth we can estimate roughly by looking 
at the eye from one side; Space, or anterior chamber, is occupied by a clear 
fluid, the aqueous humour.Almost the whole anterior surface of the iris is visible, 
its extreme periphery r being concealed by sclerotic. In colour the iris varies 
greatly in different 5 duals. Near its centre (really a little up and in) a round 
hole exists in th the black pupil, whose size varies considerably in different 
eyes, and in G eye according to temporary conditions, such as exposure to 


Focal illuf*QYation will be found useful, for which purpose a second convex lens will be required. 


light, ete N 
In PA the surface-markings of the living iris, one of dark colour is to be preferred. 


n tee surface of the iris we see a number of ridges running more or less radially; 
ad{oi}ing ones occasionally unite and interlace to some extent, so as to leave large 
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depressed meshes at intervals. The radial ridges coming from the edge of the 
pupil, and those coming from the more peripheral part of the iris, meet in a zigzag 
elevated ridge concentric with the pupil, called the corona iridis, and by this ridge 
the iris is roughly marked off into two unequal zones—an outer, the greater or ciliary, 
and an inner, the lesser or pupillary—of which the inner is much the narrower. 
The border next the pupil is edged with small, roundish, bead-like prominences of 
a dark brown coloür, separated from one another by depressions, so that it presents 
a finely notched contour. Not infrequently, in a light-coloured iris, we may see the 
sphincter muscle through the anterior layers, in the form of a ring about one milli- 
metre in breadth around the pupil. The ciliary zone may be described as con- 
sisting of three parts:—(a) A comparatively smooth zone next the zigzag ridge; 
(b) a middle area, showing concentric but incompletely circular furrows; (c) a 
small peripheral darker part, presenting a sieve-like appearance. On the floor of 
the large depressed meshes, or crypts, parallel radial vessels can be traced, belonging 
to the iris-stroma. The zigzag line méntioned above corresponds to the position 
of the circulus arteriosus minor. Occasionally, especially in a light iris, super- 
ficial pigment spots of a rusty brown colour occur. 

If we are examining the living eye, the ophthalmoscope should now be used, so as to gain a 


view of the fundus. We can thus study the termination of the optic nerve, the distribution of 
the larger retinal vessels, etc. 


The general red reflex obtained from the fundus is due to the blood in a capil- 
lary network (chorio-capillaris) situated in the inner part of the chorioid. To 


Fia. 724.—Lrerr Funpus OCULI, AS SEEN BY DIRECT OPHTHALMOSCOPIC METHOD. 
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aa of a dise shape corresponding 
to the intraocular end of the optic nerve, ape own as the papilla of the optic 
nerve or optic disc. This optic disc is nelly) elvcular, but usually slightly oval 
vertically; it is of a light orange-pink col§gr, With a characteristic superficial trans- 
lucency; its outer third segment is pa an the rest from the nerve-fibres and 

capillaries here being fewer. About ie€entre we often observe a well-marked 
whitish depression or gap, formed by dispersion of the nerve-fibres as they spread 
out over the fundus; at the bott f this depression a sieve-like appearance may 
be seen, due to the presence ina cribrosa, which consists of a white fibrous 
tissue framework, with sm! indish, light-grey meshes in it, through which 
latter the nerve-fibre bun ass. Also near the centre of the dise, the retinal 
blood-vessels first com "jew, the arteries narrower in size and lighter in colour 
than the veins; bey C e dichotomously as they are distributed over the fundus. 
The retina propeg i transparent as to be ophthalmoscopically invisible, but its 
pigment-epitheli res a very finely granular or darkly stippled appearance to 
the general reg Y. In the centre of the fundus, and therefore to the outer side 
of the disq AN phthalmoscope often shows a shifting halo of light playing round 
& horix bval, comparatively dark enclosed area; this latter corresponds to 
the yellówNepot region, and about its centre a small pale spot usually marks the 
positjoN of the fovea centralis. 


Q NQ. structures visible at the nasal end of the palpebral aperture have been 


viously mentioned, and should now be examined more narrowly. The lachry- 
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mal caruncle is in reality an island of modified skin, and fine hairs can commonly 
be detected on its surface. On its outer side, separated from it by a narrow groove, 
is the semilunar fold of conjunctiva; it rests on the eyeball, and is a rudiment 
of the third eyelid or nictitating membrane, present in birds and well represented 
in many other vertebrates. 


EXAMINATION OF THE EYEBALL 


The eyeball of a cadaver should now be removed by snipping with scissors the conjunctiva 
near the corneal border, then cutting through the ocular muscles near their insertion into the 
globe, and finally dividing the optic nerve close to the sclerotic. 


The eyeball is almost spherical, but not perfectly so, mainly because its an- 
terior, clear, or corneal segment, has a greater curvature than the rest of the eye. 
Considering it as a globe, however, we speak of an anterior and of a posterior 
pole; the former corresponding to the middle of the front of the cornea, the lat- 
ter to the middle of the posterior curvature. An imaginary straight line joining 
the two poles is called the antero-posterior or sagittal axis of the eyeball. The 
equator of the eye is that part of its surface which lies midway between the two 
poles. The sagittal axis of the globe is the greatest (about 24:5 mm.), the ver- 
tical equatorial the least (about 23:5 mm.), and the transverse equatorial axis is 
intermediate in length (about 23:9), so that the eyeball is in reality an ellipsoid, 
flattened slightly from above downwards. Again, if the globe is divided in its 
antero-posterior vertical plane, the nasal division will be found to be slightly smaller 
than the temporal. The optic nerve joins the globe three or four millimetres to 
the nasal side of the posterior pole. ) 

The shape of the eye depends on, and is preserved by, the outermost tunic, 
formed conjointly by the cornea and sclerotic, the entire outer surfaces of which 
are now in view. The anterior or corneal part has been already examined. All 
around the cornea there remains a little adherent conjunctiva; elsewhere, the 
sclerotic is directly exposed, except for some loose connective tissue which adheres 
to it, especially around the optic nerve entrance. In front of the equator we see 
the tendinous insertions of the four recti muscles. Behind the equator are the 
insertions of the two oblique muscles—that of the superior oblique tendinous, 


and further forwards; that of the inferior more fleshy, and placed ween the optic 
nerve and the external rectus. XO 


It is difficult to recognise the different recti muscles by their ir 
whether the eye examined is a right or a left one. To determine 
with the optic nerve towards us, , and in the natural position w, 
uppermost. The inferior oblique tendon will now point to th 
we can consequently determine the different recti muscles. cQ. 


The internal rectus is inserted nearest (7 iQ 
external rectus commonly, sometimes the (su 


s Qr: if we do not know 


ve should hold the globe 
Y superior oblique tendon 
0 which the eye belongs, and 


m) the corneal border; the 
is inserted furthest from it 


(about 8 mm.). All the recti tendons are ad and thin, but that of the internal 
is the broadest (8 mm.); those of the ext | and inferior the narrowest (6 mm.). 


The greatest interval between two neig#pouring tendons is that between the supe- 
rior and internal recti (about 12 m: he least is between the superior and ex-: 
ternal (7 mm.). The form of th tof insertion of the different tendons varies 
considerably, the inferior ANN ost straight, the superior and external convex 
forwards, the internal ined Ni from the corneal border below than above. 
The insertions of the © s are at more than double the average distance of 
the insertions of the rectN{rof the corneal border. That of the superior oblique is 
found on the in Te ace of the sclerotic, about sixteen millimetres from the 


corneal edge, in thé 1 of a line sloping from before backwards and inwards. 
The inferior obliq às a long fleshy insertion lying between the external rectus 
and the RS ntrance; the posterior end of the insertion, which is also the 
higher, is o RNS ut six millimetres from the optic nerve, and from this point 
it slopes NN s, outwards, and slightly downwards. 

Severa] sn*all nerves and two arteries may be seen running forwards and ulti- 
mately orating the sclerotic not far from the entrance of the optic nerve. The 
$ are the long posterior ciliary ; they both perforate the globe in the hori- 
zoe meridian, one on the outer, the other on the inner, side. The short ciliary 
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arteries are too small to be seen in an ordinary examination. The nerves are the 

long and short ciliary. Nearer the equator, the large venous trunks emerge; they 

can be traced for some distance in front of their exit as dark lines, running antero- 
posteriorly beneath the sclerotic. The optic nerve is seen in section, surrounded 

loosely by a thick outer sheath; in the centre of the nerve-section a small red spot . 
indieates the position of the central retinal blood-vessels. 


| 

| 

For ordinary dissections eyes of the sheep, pig, or bullock should be obtained. Divide an i 

eyeball into fore and hind halves by cutting through it in the equatorial plane. 
1. Posterior hemisphere seen from in front.—This is much the same view that the ophthal- 
moscope affords us. Unless the eye be very fresh, however, the retina will have lost its trans- 
parency, and will now present the appearance of a thin whitish membrane, detached in folds 
from the underlying coats, but still adherent at the optic dise. The vitreous jelly lying within 
the retinal cup may be torn away. In the human eye the retina next the posterior pole is stained 

yellow (macula lutea). On turning the retina over, a little pigment may be seen adhering | 
to its outer surface here and there. Cut through the retina close to the optic disc all around 

and remove it: note how easily it is torn. We now see a dark brown surface, consisting of the l 

retinal pigment layer, adherent to the inner surface of the chorioid. Brush off the retinal pig- i 
ment under water. The chorioid thus exposed can for the most part be fairly easily torn away 
from the thick sclerotic, as a lymph-space exists between them, but the attachment is firm 
around the optic nerve entrance, and also where the arteries and nerves join the chorioid after 
penetrating the sclerotic. The chorioid is darkly pigmented, of a brown colour, with markings on 
its surfaces corresponding to the distribution of its large veins. The inner surface of the sclerotic 

is of a light brownish colour, mainly from the presence of a delicate pigmented layer, the mem- | 


Fic. 725.—DIAGRAMMATIC VIEW OF THE INSERTIONS OF THE OCULAR MUSCLES. 
(After Merkel.) 
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surfaces a flocculent appearance when examin ader water. 

2. Anterior hemisphere viewed from bel —-The round opening of the pupil is visible in 
the middle, with the large clear crystalline S lying nearer us. The retina proper extends 
forwards a little way from our line of sect d then ends abruptly in a wavy line called the ora 
serrata, beyond which it is only repr ed by a very thin membrane (pars ciliaris retina). 
Outside the periphery of the lens aya nber of ciliary processes arranged closely together 
in a circle concentric with the py Wig ech radially elongated; posteriorly they are continuous 
with numerous fine folds, also ANM Which soon get very indistinct as they pass backwards, but 
reach almost to the ora serrate æ ciliares). Between the front of the ciliary processes and 
the edge of the pupil lies fie iNe? On removal of the retina the inner surface of all this region 
is seen to be darkly pigmeMfedJ but especially dark in front of the position of the ora serrata. | 
Vitreous probably still gdhé¥és to the back of the lens, and by pulling upon it the lens can be 
removed along witk iGoy sale and suspensory ligament; some pigment wil now be found | 
adhering to the fr the vitreous, torn from the ciliary processes, which are consequently | 
| now lighter in colo aan before. The lens-capsule is transparent, and has a smooth glistening 

outer surface; AANYEh it a greyish, star-shaped figure may be observed on the anterior and | 


posterior AS of the lens. Thessuspensory ligament is a transparent membrane attached to 


brana suprachorioidea, which adheres partly toG, Q to the chorioid, giving to their adjacent 
| 
| 
| 
| 


the caps e lens about its equator, and is best seen by floating the lens in water in a glass | 


vessel pladon a dark ground. On opening the capsule we expose the lens itself, which is | 
superficfally soft and glutinous to the touch, but becomes firmer as we rub off its outer layers and 
25) its centre. Carefully tear the chorioid and iris from the sclerotie as far as possible; 


a 


adhesion exists just behind the corneal periphery. The outer surface of the chorioid 
aus Wxposed is found to be also rather darkly pigmented, but it shows a white ring correspond- 
e: to the adhesion just mentioned, and a pale area behind this ring indicates the position of 
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the ciliary muscle. On this surface numerous white nerve-cords are visible running forwards. 
Observe that the iris, the ciliary processes, etc., and the chorioid are all ditferent parts of the 
same ocular tunie—mere local modifications of it. Similarly the sclerotic and cornea are seen to 
blend together to form one outer coat. 

An eyeball should now be placed for half an hour in a freezing mixture of crushed ice and 
LI. salt. It will thus become quite hard, and should at once be divided into two parts by cutting it 
| antero-posteriorly through. the centre of the cornea and the optic nerve. We thus gain another 
view of the relations of parts, the position of the lens between the aqueous and vitreous chambers, 
ete. On removing the lens, vitreous, and retina, and brushing off its pigment, the light mark- 
j ings corresponding to the chorioidal veins (venæ vorticosz) should be noted, and their distri- 
bution studied. Usually four vortices or fountain-like markings are found in the whole chorioid, 
their points of junction situated at approximately equal distances from one another at about the 
line where the posterior and middle thirds of f the globe meet. These sections should be kept for 

reference while following the further description of the ocular tunics. 
j 
| 


1. The outer, fibrous coat of the eye is formed by the sclerotic and cornea, 
which pass into one another at the scleral sulcus. It consists throughout mainly 
dÉ A of fine connective-tissue fibres, arranged in interlacing bundles, with ‘small ly mph- 
spaces at intervals between them. The naked-eye appearance of the two divisions 
of this fibrous coat is, however, quite different, the cornea being transparent, while 
the sclerotic is white and opaque. 

The sclerotic encloses the posterior five-sixths or so of the eyeball, but there is 

a hole in it at the entrance of the optic nerve (foramen scleræ), only partially 
bridged across by fibres from its inner layers forming the lamina cribrosa. The 
fibre-bundles composing the sclerotic are arranged more irregularly than in the 
cornea, and run mainly in two directions, viz., from before bac kw: ards, and circularly ; 
the cireular fibres are particularly well develope d just behind the sulcus. It is 
| ‘thickest (about 1 mm.) posteriorly, where it is strengthened chiefly by the outer 


Fic. 726.—EQuATORIAL SECTION OF EYEBALL: ANTERIOR SEGMENT VIEWED FROM 
BEHIND. (After Merkel.) 
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sheath of the optie nerve, and partly also by the RD) surrounding the ciliary 

vessels and nerves. It becomes gradually thinney NT passes forwards, up to 

the line of insertion of the recti muscles, in fron ðf ch line it is again reinforced 

. . by their tendinous fibres becoming incorporafec (uh i116. In children the sclerotic 

| is often so thin as to allow the underlying Sehorioidal pigment to show through, 


appearing then of a bluish white. In the |, again, it is sometimes yellowish. 
It always contains a few pigment cells, b these are in the deep layer (lamina 
fusca), and only become visible externa]l! 


here the sclerotic is pierced by vessels and 
nerves going to the chorioid. It is it€eY 


Nalmost non-vascular, but quite at its ante- 
rior end a large venous sinus ( e S)Schlemm) runs in its deeper layers circu- 
larly around the cornea. Just nt of this sinus, at the corneal limbus, the 
ED) s deep layers changing first, and finally the super- 


sclerotic merges into the co 
| ficial ones. 
| The cornea is thickest 
its centre; the curvet 
| anterior surface, bu 
j In. the cornea pr 
| posed DENN SN 
fibres passig 


ts periphery, and becomes gradually thinner towards 
of its posterior is consequently greater than that of its 
“f the latter is more curved than the surface of the sclerotic. 
ibre-bundles are arranged so as to form a series of super- 
of which is connected here and there to the adjacent ones by 
one to the other, so that they can only be torn apart with diffi- 


culty. NW lymph- spaces communicate with one another by very fine 
prote » us not only is a: thorough lymph-circulation provided for, but the 
prot SE ith which these spaces are partially occupied may be also "regarded 


a plexus at its extreme periphery, on which its nutrition is ultimately dependent. 


= uous throughout. It contains no blood-vessels, with the exception of 
65 


d 
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The most superficial part of the true cornea appears homogeneous, even when 
highly magnified (anterior elastic lamina, Bowman’s membrane), though there 
is reason to believe that its structure only differs from that already described in the 
closeness of its fibrous texture; the two parts are certainly connected by fine fibres. 
Anteriorly, the cornea is covered by an extension of the ocular conjunctiva, in the 
form of an epithelium several layers deep.  Posteriorly, the cornea is"lined by a 
firm, thin, glass-like layer (posterior elastic lamina, membrane of Descemet), 
distinct from the corneal tissue both anatomically and chemically. At the peri- 
phery this membrane breaks up into a number of fibres, which mainly arch over 
to join the base of the iris (ligamentum pectinatum iridis). The interstices 
between these fibres constitute spaces (spaces of Fontana) freely communicating 
with the aqueous chamber on the one hand, and indirectly with the canal of Schlemm 
on the other. Descemet’s membrane is in turn lined by a single layer of flat cells, 
which are continuous peripherally with cells lining the spaces of Fontana and the 
anterior surface of the iris. The cornea is richly supplied with nerves, particularly 
in its most superficial layers. 

2. The dark, middle, or vascular coat of the eye, generally known as the 
uveal tract, is formed by the iris, ciliary body, and chorioid. It is closely applied 
to the sclerotic, but actually joins it only at the anterior and posterior limits of their 
course together, viz., at the scleral sulcus, and around the optic nerve entrance. In 
front of the sulcus the middle coat no longer lines the outer, being separated from 
it (1. e., the iris from the cornea) by a considerable space filled wW ith fluid, called the 
anterior aqueous chamber. The uveal tract has two openings in it; a larger one in 
front, the pupil, and a smaller one behind, for the passage of the optic nerve. Its 
structure is that of a pigmented connective tissue, supporting numerous blood- 
vessels and containing many nerves and three deposits of smooth muscle-fibres. 

The chorioid forms the posterior part of the uveal tract, and extends, with 
slowly diminishing thickness, forwards as far as the ora serrata. Its outer and 
inner surfaces are both formed by non-vascular layers; that covering the outer, the 
membrana suprachorioidea, is pigmented, arranged in several fine loose lamelle, 
and has been seen in our dissection; that covering the inner surface is à thin, trans- 
parent, homogeneous membrane, called the basal or vitreous lamina of the chorioid, 
or the membrane of Bruch. The intervening chorioidal stroma is yery rich in blood- 
vessels, which are of largest size next its outer surface, and b je progressively 
smaller as we approach the vitreous lamina, next to which w ] layer of closely 
placed wide capillaries, called the lamina chorio- capillaris e pigment becomes 
less in amount as we pass inwards, and finally ceases, “absent entirely from 
the chorio-capillary and vitreous lamine. 

In front of the ora serrata the uveal coat becqn 
the part reaching from here to the iris may conve 
of the tract, or ciliary body. Its superfici 
described. In front, the ciliary processes, abd 
the interior of the eye, forming the corp iliaris. Behind this part lies the 
orbiculus ciliaris, whose inner surface Imost smooth, faint radial folds only 
being present, three or four of which j each ciliary process. The more minute 
structure of this ciliary region resemf)f&s closely that of the chorioid, except that 
the chorio-capillaris is no longer t, that the stroma is thicker and richer in 
blood-vessels, and that a mus lement (ciliary muscle) exists between the 

vascular layer and the TEENA Suprachorioidea. On antero-posterior section the 
ciliary body is triangular; iortest side looks forwards, and from about its mid- 
dle the iris arises; poe ag sides look respectively inwards and outwards, the 
inner having the ciliar cesses upon it, while the outer is formed by the ciliary 
muscle. This mys¢@e.possesses smooth fibres and consists of an outer and an inner 
division; in the he fibres run longitudinally, inserted into the outer fibrous 
coat of the ey he sclero-corneal junction in front, and passing backwards to 
join the outerda Wrs of the orbiculus and chorioid; the inner contains circularly run- 
ning fibres NiN/tted next to the ciliary processes. The entire muscle is destitute of 
pigment, AN ‘therefore is recognisable in the section by its light colour. The whole 
thicken{ng of the uveal tract in this region, muscle and folds and processes together, 


fbe termed dus ciliary region 
cts have been already briefly 
geVenty in number, project towards 


v 


ular dise perforated in the middle. The appearance of its anterior surface has 


is the ciliary body. 
( b iris projects into the interior of the front half of the eye in the form of a 


pe 


dem 
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already been described. Its posterior surface exhibits numerous radial folds run- 
ning from the ciliary processes to near the pupillary border; a thick layer of black 
pigment covers it and curls around its inner edge, so as to come into view all around 
the pupil as seen from in front. The peripheral or ciliary border of the iris is con- 
tinuous with the front of the ciliary body, where it also receives fibres from the 
ligamentum pectinatum iridis; in other respects the iris is quite free, merely resting 
on the front of the lens-capsule near the pupil. Its stroma is spongy in character, 
being made up of vessels covered by a thick adventitia, running from the periphery 
to the pupillary border, with interspaces filled by branching pigment cells, which 
are particularly abundant near the front surface. Deep in the stroma, running 
around near the pupillary border, we find a broad flat band of smooth muscle-fibres, 
constituting the sphincter pupilla or sphincter iridis. Immediately behind the 


Fig. 727.—DiAGRAMMATIC HORIZONTAL SECTION OF EYEBALL AND ORBIT. 
(After Fuchs, much modified.) 
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vascular tissue lies a thj 
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fibres was long in disput 
muscular—the dila 
The sphincter ^e and the ciliary musele are supplied by the third nerve by 
way of the cilia Wahglion. The dilator pupille is supplied by sympathetic fibres, 
which have SN Origin from the cells of the superior cervical ganglion. Thence they 
ascend INRA rotid and cavernous plexuses, and join the ophthalmic division of 
the fifth née, passing to the eyeball by way of the long ciliary nerves. The white 
rami s associated with these fibres leave the spinal cord by the motor roots of 
ANM, wo or three thoracic nerves, and ascend the sympathetic trunk to the 
Spe cervical ganglion without interruption. 
Qrosteriony the iris is lined by the pigment already mentioned, which really 
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epithelium is on the outer surface, immediately applied to 
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consists of two layers of pigmented cells, each layer representing the extension for- 
wards of one subdivision of the retina. The front of the iris is covered by a delicate 
epithelial layer, a continuation of that lining Descemet's membrane. The colour 
of the iris in different individuals depends upon the amount of stromal pigment. 

3. The innermost or nervous coat.—The inner surface of the uveal tract 
is everywhere lined by a layer of pigment of corresponding extent, which usually 
adheres to it closely on dissection. Developmentally, however, this general pigment 
lining is quite distinct from the uveal coat, and represents the outer wall of the 
secondary optic vesicle or embryonic retina: it consists of a single layer of pig- 
mented epithelial cells. The amount of pigment is greatest anteriorly, over the 
ciliary region and iris, and there is again a small local increase posteriorly, corre- 
sponding to the macula lutea and to the edge of the optic nerve-entrance. In the 
ciliary region these cells have recently been described as lining numerous narrow 
tubular depressions in the inner part of the uveal tract, and they are said to have here 
a special function, viz., that of secreting the intraocular fluid. 

From the manner in which the secondary optic vesicle, or optic cup, is formed, 
its two walls are necessarily continuous in front, at what may be termed the lip of 
the cup; we have just observed that the outer wall lines the uveal coat everywhere 
and corresponds in extent; consequently, the lip must be looked for at the edge of 
the pupil, i. e., at the termination of this coat anteriorly. The inner wall of the cup, 
consequently, reaches from the lip, or pupillary edge, in front, to the optic stalk or 
nerve behind, and is in close apposition to the pigment-epithelium; unlike the outer, 
however, this wall is represented in the developed eye by tissues very dissimilar in 
structure in different parts of its extent. Tracing it backwards from the pupillary 
edge, we find that over the whole posterior surface of the iris it exists as a single 
layer of pigmented epithelium, the developmental changes having here produced a 
result similar to what we have found throughout in the outer wall: here, accord- 
ingly, we have a double layer of pigment cells. At the root of the iris the single 
inner layer of cells still exists; but now they become destitute of pigment, and this 
condition obtains over the entire ciliary region, constituting what is known as the 
pars ciliaris retina. At the line of the ora serrata the tissue derived from the 
inner wall abruptly increases in thickness, and rapidly acquires that complexity of 
structure characteristic of the retina proper, which extends from ¢ere to the optic 
nerve. It consists of several layers—nerve-fibres, nerve-cells, an 'e-epithelium— 
held together by a supporting framework of delicate connectiWWesde. The nerve- 
gment-epithelium ; 
exists, where this 1s 
wthe retina is extremely 
retina and are continuous 
y retinal layer that is con- 
nerve-cells are found between 
/hé retina run in the inner layers, 


at the posterior pole of the eye a small spot (fovea cen 
the only retinal layer represented, and where conseq 
thin. The nerve-fibres run on the inner surface OWN 
with those of the optic nerve; they constitute t 
tinued into the intraocular end of the nerve 
these surface layers. The larger blood-vesgels 
and none encroach on the layer of nerve Kihe ium. 

Within the coats mentioned, the me) the eyeball is fully occupied by con- 
tents, which are divided into three pagts, whd differently named according to their 
consistence and anatomical form. are all transparent, as through them the 
light has to pass so as to gain the T Of these, the only one that is sharply and 
independently outlined is the h is situated in the anterior half of the globe 
at the level of the ciliary prOwsts, where it is suspended between the other con- 
tents, which fill respectiya space in front of it and the space behind it. The 
space in front is called (they hterior or aqueous chamber; that behind the lens is 
the vitreous chamber, 

The lens is a biegGey x body, with its surfaces directed anteriorly and posteriorly ; 
these surfaces m 9 its roundi off edge or equator, which is near (but does not 
touch) the cilis ja ee all around. The posterior is considerably more convex 
than the a wo surface e; the central part of each surface is called its pole. The 
lens is cl Sec in a hyaline elastic capsule, thicker over the anterior than 
over th NN erior surface. Thus enclosed, it is held in position in the globe by a 
ty ligament, attac ‘hed to its capsule near the equator all around, and swung 
hliary region. Posteriorly, thi lens rests in a cup formed by the front part 


fro e 


thW vitreous, while its anterior capsule is in contact with the aqueous fluid and 
close against the back of the pupillary border of the iris. When in position 
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l the lens measures nine millimetres across, and about four millimetres between its 
| poles. On each surface a series of fine, sinuous, grey lines can be seen radiating 
from the pole towards the equator, called respectively the anterior and posterior 
stellate figures. The lines observable on the posterior are always so placed as to 
be intermediate with those on the anterior surface, so that. on viewing them through 
the lens they occupy a position corresponding to the intervals between the lines on 
| the anterior surface. The lens-capsule is comparatively brittle, and can be readily 
cut through when scraped with a sharp-pointed instrument; on doing so the 
divided edges curl outwards, away from the lenticular substance. When removed 
D from its capsule, the outer portion of the lens is found to be soft and glutinous, but 
| its substance gets progressively firmer as we approach the centre. This harder 
central part is known as the nucleus, and the surrounding softer matter as cortex. 
The cortical part shows a tendency to peel off in successive layers. It consists of 


i 
} Fig. 728.—SEMI-DIAGRAMMATIC HORIZONTAL SECTION THROUGH EYEBALL AND OPTIC 
Nerve. (After Elfinger. Reduced and altered.) 


CORNEAL EPITHELIUM. =. CURL M 


CORNEA 
| ANTERIOR AQUEOUS CHAMBER - — 
d : ~ SS -CANAL OF SCHLEMM 


IRIS DN 
i WN — — — — —— Ciliary muscle 


c A 


POSTERIOR AQUEOUS —— 
CHAMBER 


ZONULAR SPACE 


{ (CANAL OF PETIT) CONJUNCTIVA 
A 
» f 
f ^ 
Internal rectus f MW: - 
muscle It E VITREOUS 
i Í 1 t , 
CHORIOID 
crede SCLEROTIC 
RETINA (covered exter- 


nally by Tenon’s 
capsule and 
loose tissue) 


Central retinal vessels 
} OPTIC NERVE- 
| SUBSTANCE 


: 1 PIAL NERVE-SHEATH poe VRAL NERVE-SHEATH 


long fibres, the ends of which meet in fent and behind at the anterior and posterior 


| stellate figures. Ó 
| ) Histologically the capsule is nc Qy diate contact with the cortex over the front surface 
of the lens, a single layer of cells in ng, called the subcapsular epithelium. 


The zonula ciliaris Aabensory ligament of the lens is formed by a thick- 
ening of the anterior p&t Jf à membrane enclosing the vitreous, strengthened by 
numerous fibres derivgd irom the folds of the ciliary region. Its chief attachments 
to the lens-capsulé a little in front of and behind the equator, and the space 
included betwee most anterior and most posterior divisions of the ligament 
is termed the ar space (canal of Petit). This space is bridged across by fine 
intermedie ensory fibres, and is occupied by fluid. 

The v s humour is a transparent, colourless, jelly-like mass, enclosed in a 
delicate, clàr, structureless membrane, called the hyaloid membrane. This latter 

SS 


€ 


is clos applied to the back of the posterior lens-capsule and of the suspensory 
liga and to the inner surface of the pars ciliaris retinæ, retina proper, and 
ic bapilla. Although possessing some degree of firmness, the vitreous humour 
ains quite 98 per cent. of water, and has no definite structure. Membranes 
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have been described in it, but these are really artificial products. In certain situa- 
i tions spaces exist in the vitreous mass, the most determinate of which runs in the 
$ form of a canal from the optic papilla to the posterior pole of the lens, corresponding 
to the position of the foetal hyaloid artery (hyaloid canal, or canal of Cloquet). 
| Other very fine spaces are described running circularly in the peripheral part of 
the vitreous concentric with its outer surface. Microscopically, wandering cells 
are found in the vitreous, which often here assume peculiar forms which the | 

observer can, not infrequently, study subjectively. 
The aqueous humour is a clear, watery fluid, occupying the space between 
the cornea on the one hand, and the ciliary body, suspensory ligament, and lens on ^ 


Fig. 729.—DIAGRAMMATIC REPRESENTATION OF THE BLOOD-VESSELS OF THE EYEBALL. 
; (Leber:) 
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the other. The irisafepiecting into this space, has both its surfaces bathed in the | 
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iE aqueous; byt, as ner part rests on the lens, it is regarded as dividing the space | 

i. i into two parts nterior larger, and a posterior smaller, aqueous chamber, | 
E 
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which BNS té freely through the pupil. 

Cilia ME of the eyeball.—The long and short ciliary nerves, after per- 
forati e sclerotic, run forwards between it and the chorioid to the ciliary region, 
; wher e* form a plexus, from which proceed branches for the ciliary muscle, the 
ip and the cornea. The nerves of the iris enter it at its ciliary border, and run 

irds its pupillary edge, losing their medullary sheath sooner or later, and sup- 
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plying especially the sphincter muscle. The corneal nerves form an annular plexus 
near the limbus, from which a few twigs proceed to the sclerotic and conjunctiva, 
while most of the offsets enter and run radially in the corneal stroma, branching 
and anastomosing so as to form a plexus. The nerves entering the cornea are 
about sixty in number, each containing from two to twelve non-medullated nerve- 
fibres (page 972). 

Blood-vessels of the eyeball.—The ocular tissues receive blood from two sets 
of vessels, viz., the retinal and the ciliary arteries. 

1. The arteria centralis retinæ either comes direct from the ophthalmic artery, 
or from one of its branches near the apex of the orbit. Entering the optic nerve 
twenty millimetres or less behind the globe, it runs forwards in its axis to the end of 
the nerve-trunk, and then divides into branches which run in the inner layers of the 
retina, and divide dichotomously as they radiate towards the equator. The smaller 
branches lie more deeply in the retina, but none penetrate into the nerve-epithelium, 
so that the fovea centralis is non-vascular. In the retina, the branches of the cen- 
tral artery do not communicate with any other arteries, but while still in the optic 
nerve fine communications take place between this artery and neighbouring vessels. 
Thus (a) minute twigs from it, which help to nourish the axial part of the nerve, 
communicate with those running in the septa derived from the pial sheath. Again, 


Fia. 730.—SuRFACE or CHORIOID AND IRIS EXPOSED BY REMOVAL OF SCLEROTIC AND 
CORNEA, SHOWING DISTRIBUTION OF BLOOD-VESSELS AND NERVES. 
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as the nerve passes through the sclerotic, Q surrounded by a vascular ring (circle 
of Haller), formed of fine branches depsyed trom the short posterior ciliary arteries; 
fine twigs passing inwards from this Qi. the optic nerve join the vessels of the 
pial sheath, and (b) an indirect c lication is thus brought about between the 
retinal and ciliary vessels. FNM Jaf the nerve passes through the chorioid, there 
is (c) a direct connection bety hese two sets of*vessels, the capillary netw ork of 
the optic nerve being Ner 1uous with the chorio-capillaris. Not infrequently, 
a branch from a short Rag stdrior ciliary artery pierces the optic papilla, and then 
courses over the adjogning"fetina (a cilio- retinal artery), supplying the latter in part 
in place of the ipie e Jery 

The vena cent retinz returns the blood of the corresponding artery. 

2. The S za of blood-vessels (pages 536, 537, and 662). — There are 
three sets NS es belonging to this system, all derived directly or indirectly 
from the almic artery. 

(1) Shor’ posterior ciliary artertes, twelve to twenty in number, pierce the 


sclerotitgund the optic nerve entrance, and are distributed in the chorioid. Before 
ente te eyeball, small twigs are given off to the adjoining sclerotic and to the 
dal sheath of the optic nerve. 
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nerve than the short ciliaries, run horizontally forwards between the sclerotie and 
chorioid, one on each side of the globe. On arriving at the ciliary body, they join 
with the anterior ciliary arteries, forming the circulus arteriosus major, which 
sends off branches to the ciliary processes and the iris. The long ciliaries also 
give twigs to the ciliary muscle, and small recurrent branches run backwards to 
anastomose with the short ciliary arteries. The arteries of the iris run radially to- 
wards the pupillary border, anastomosing with one another opposite the outer border 
of the sphincter so as to form the circulus ‘arteriosus minor. 

(3) The anterior ciliary arteries come from the arteries of the four recti mus- 
cles, one or two from each; they run forwards, branching as they go, and finally 
pierce the sclerotic near the corneal border. Outside the globe they send twigs 
to the adjoining sclerotic, to the conjunctiva, and to the border of the cornea. 
After passing through the sclerotic the arteries enter the ciliary muscle, where they 
end in twigs to the muscle and to the circulus: arteriosus naajor, and in recurrent 
branches to the chorioid. 


Fic. 731.—Tur LYMPHATIC Spaces or THE EYEBALL. (Diagrammatic. After Fuchs.) 
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Veins.—The venous blood from dost the whole uveal tract (chorioid, ciliary 
processes and iris, and part of 4l ary muscle) ultimately leaves the eyeball by— 
(1) the vena vorticose, TAN *'e been already noticed in describing an antero- 
posterior section through e(g ye (p. 1025). One large vein passes backwards from 
each vortex, piercing th sclerotic obliquely; it is joined by small episcleral veins 
when outside the globe. 

(2) The anterior Gary veins commence by the junction of a few small veins 
of the ciliary musgl\“they pass outwards through the sclerotic near the corneal 
border, receiving ew from the veins in connection with Schlemm's canal, and 
afterwards fgfu/'&eNiscleral and conjunctival veins, and from the marginal corneal 
plexus. NNNM hey join the veins running in the recti muscles. 

Lymph system of the eyeball.—Apart from those in the conjunctiva 
there axg\no lymphatic vessels in the eyeball, but the fluid is contained in spaces of 
vari izys. These are usually divided into an anterior and a posterior set. 

E teriorly, we have the anterior and posterior aqueous chambers, which 
o freely through the pupil. The aqueous humour is formed in the 


| 
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| ‘posterior of these chambers by transudation from the vessels of the ciliary body and 
posterior surface of the iris (see also page 1030). The stream passes mainly forwards 
| through the pupil into the anterior aqueous chamber, whence it escapes slowly by 
| passing through the spaces of Fontana into Schlemm’s canal, and thence into the 
| m anterior ciliary veins. Part of the lymph-stream passes from the posterior aqueous 
| chamber backwards into the zonular space (canal of Petit), out of which fluid can 
| 1 pass into the lens substance, or diffuse itself into the front of the vitreous. 
i. In the cornea the lymph travels in the spaces already mentioned as existing 
D between the fibre-bundles, and in the nerve-channels and at the periphery of the 
a cornea it flows off into the lymphatic vessels of the conjunctiva. 

In the iris there is a system of lymphatic spaces opening anteriorly on its free 
\ surface by the crypts previously described, and communicating peripherally with 
the spaces of Fontana. 

2. Posteriorly, we have (a) the central or hyaloid canal, between the poste- 
rior pole of the lens and the optic nerve entrance, and (b) the perivascular canals 
of the retina; the lymph from both of these situations flows into the spaces of the 
optie nerve, which communieate with the intervaginal space of the nerve, and thus 
with the great intracranial spaces. Further, between chorioid and sclerotic we 
have (c) the perichorioidal space, which gets the lymph from the chorioid, and com- 
municates with Tenon’s space outside the sclerotic by the perforations corresponding 
to the vasa vorticosa and posterior ciliary arteries, and with the intervaginal space 
around the optic nerve entrance.  Tenon's space, again, is continuous with the 
supravaginal space around the optic nerve, which communicates both with the 
intervaginal spaces, with the lymph-spaces of the orbit, and directly with the intra- 
cranial spaces at the apex of the orbit. 


The development of the eye.—Three different embryonic tissues take part in the for- 
mation of the eye, namely, an outgrowth from the central nervous system, an invagination of 
the surface ectoderm, and the mesoderm tissue in the vicinity of these two structures. From 

i the outgrowth from the brain the retina in all its parts and the optic nerve develope, from the 
surface invagination the lens, and the remaining structures are formed from the mesoderm. 
The vitreous may also possibly have a partial origin from the primitive retinal tissues. 
| The central outgrowth takes the form of a hollow bulb attached to the brain by a long slen- 
| der stalk. When by its growth it comes into contact with the lens invaginatięn, the outer half 
| of the bulb sinks back into its cavity until it comes into contact with the v f the posterior 
half, and the bulb is thus converted into a cup. But the cup is an incon 2 03e, for its entire 
i ventral wall and a portion also of that of the stalk become pushed up i > cavities of these 
structures, so that along their ventral surfaces there is a deep fissure kn as the chorioidal fis- 
sure. In normal development the fissure is eventually obliterated ' union of its lips, but 
oecasionally it persists more or less completely, producing the co jon known as coloboma. 
| In the fissure an artery and vein develope and so reach the y of the optic cup. When 
the fissure closes they become enclosed and form the arter vena centralis retine. In 
| the embryonie condition branches from these vessels exte 'ough the vitreous and form a 
1 vaseular tissue almost completely investing the lens, 1 ccupies the mouth of the cup. 
r ^S 


| These hyaloid vessels normally disappear later, leavir y *he hyaloid canal as a reminder 
A of their existence, but occasionally traces of them Qay ist over the anterior surface of the 
t lens, forming what is termed a persistent pupillary.f\embrane, or in the vitreous as a persistent 
[Y hyaloid artery. 


CAVITY ("THE ORBIT 


| GENERAL j Cie OF ITS CONTENTS 


The anterior wider half é cavity is mainly occupied by the eyeball, which 
lies almost axially, but i raher nearer to the upper and outer than it is to the 
other walls. The posteridb®wo-thirds of the globe are in relation with soft parts, 
chiefly muscles and €a@egnd its posterior pole is situated midway between the base 

1 (or opening) and N Pex of the orbital cavity. The anterior third of the eye- 

! ball is naturally f except for a thin covering of the conjunctiva, and projects 
slightly bey. NND opening of the orbit, the degree of prominence varying with 

"s the amour jital fat, and also to some extent with the length of the globe. A 

straight line Wotning the inner and outer orbital margins usually cuts the eye behind 

the com externally behind the ora serrata, nasally further forwards, at the 
juncNOry 09 the ciliary body and iris. The globe is held in position by numerous 
ds f connective tissue. The lachrymal gland lies under the outer part of the 

»f the orbit anteriorly. The orbital fat occupies the spaces between the orbital 
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muscles, and is in greatest amount immediately behind the eyeball; it also exists 
between the muscles and the orbital walls in the anterior half of the cavity. Six 
muscles, viz., the four recti, the superior oblique, and the levator palpebre supe- 
rioris, arise at the apex of the orbit, and diverge as they pass forwards. The recti 
muscles—superior, inferior, external, and internal—run each near the correspond- 
ing orbital wall, but the superior is overlapped in part by the levator palpebre. 
The superior oblique lies about midway between the superior and internal recti. 
A seventh muscle, the inferior oblique, has a short course entirely in the anterior 
part of the orbit, coming from its inner wall and passing beneath the globe between 
the termination of the inferior rectus and the orbital floor. The optic nerve with 
its sheaths passes from the optic foramen to the back of the eyeball, surrounded by 
the orbital fat, and more immediately by a loose connective tissue. Among the 
contents of the cavity are also to be enumerated many vessels and nerves and 
fibrous tissue septa, while its walls are clothed by periosteum (periorbita). 

The muscles of the orbit are seven in number, of which six are ocular, i. e., are 
inserted into the eyeball and rotate it in different directions. These ocular muscles 
are arranged in opponent pairs, viz., superior and inferior recti, superior and 
inferior obliques, external and internal recti. With the exception of the short 


Fig. 732.—Lerr EYEBALL SEEN IN ITs NORMAL PosrTIÓN IN THE ORBIT, WITH VIEW 
OF THE OcuLAR MuscLEs. (After Merkel, modified.) 
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ack of the orbit along with the seventh 
perioris. All these long muscles take their 
origin from the periosteum vicinity of the optic foramen. The four recti 
muscles arise from a fibro NS the annulus tendineus communis (ligament 
of Zinn), which archesfTogever the upper and inner edge of the foramen, and 
extends down and out sẹ ag to embrace part of the opening of the superior orbital 
(sphenoidal) fissure. e origins may be said at first to form a short, common, 
tendinous tube, fro ch the individual muscles soon separate, taking the positions 
indicated by thei BSc t names. The external rectus has two origins from bone, 
one on.eithes MGS 6f the superior orbital fissure. But in the fresh state the fissure 
is here bra across by fibrous tissue, from which this rectus also springs, so 
that its S is in reality continuous. The part of this fibrous ring nearest the 
foramen\(cotresponding to the origins of the superior and internal recti) is closely 


orbital muscle, the levator palp 


co Vd with the outer sheath of the optic nerve. The remaining two long mus- 
es e^just outside the upper and inner part of the above-mentioned ring, and 
often partially united; the levator palpebrz tendon is in close relation to the 

in of the superior rectus, while the superior oblique arises from the periosteum 
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of the body of the sphenoid bone one or two millimetres in front of the origin of 
the internal rectus. 

The four recti muscles lie rather close to the corresponding orbital walls for.the 
first half of their course, the superior rectus, however, being overlapped in part by 
the levator palpebrz; they then turn towards the eyeball, running obliquely through 
the orbital fat, and are finally inserted by broad, thin tendons into the sclerotic 
in front of the equator- From their respective positions in the orbit, the axis of 
this cone of muscles is oblique to the antero-posterior axis of the eyeball. The 
thickest of these muscles is the internal rectus, next the external, then the inferior, 
and the superior rectus is the thinnest. As regards length, the muscular belly of 
the superior rectus has the longest course, and the others diminish in the order— 
internal, external, and inferior rectus. The external rectus is supplied by the sixth 
nerve. The other three recti muscles are all supplied by the third nerve. 

The levator palpebra superioris courses along the roof of the orbit close to 
the periosteum for the greater part of its course, partially overlapping the superior 


Fia. 733.—SEcTION THROUGH CONTENTS oF RIGHT ORBIT 8-11 MM. BEHIND THE EYEBALL, 
VIEWED FROM Bruinp. (After Lange.) 
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rectus; it finally descends thr e orbital fat, and widens out to be inserted 
into the root of the upper lid. ay be briefly described as being inserted in two 
distinct layers separated Wf*aNaérizontal interval. The upper or anterior layer of 
insertion is fibrous, and pMgsgf in front of the tarsus, where it comes into relation 
with fibres of the se. The lower layer consists of smooth muscle (Müller's 
superior tarsal PAN and is inserted along the upper border of the tarsus. The 
levator has also e ions with the sheath of the superior rectus. These dif- 
e muscle will be referred to later along with the description 
' and of the upper eyelid. It gets its nervous supply from the 


of the oS 
third KEONG the smooth muscle developed in its lower layer of insertión is sup- 
plied by the 


raise {| er lid and to support it while the eye is open. 
Th rior oblique runs forwards close to the inner part of the orbital roof 
u it reaches the fossa trochlearis near the internal angular~process, where it 


les tendinous and passes through a fibro-cartilaginous pulley attached to the 


— Er Cu e. — PELE = a SI SO cat c p a re 


ympathetie nervous system. As its name expresses, its action is to 
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fossa just named. On passing through this pulley, or trochlea, the tendon bends 
at an angle of 50?, running backwards and outwards under the superior rectus to 
its insertion into the sclerotic. It is supplied by the fourth nerve. 

The inferior oblique arises from the front of the orbit, about the junction of its 
inner and lower walls, just external to the lower end of the lachrymal groove. It 
runs, in a sloping direction, outwards and backwards, lying at first between the 
inferior rectus and the orbital floor, then between the external rectus and the globe; 


Fic. 734.—DrAGRAMMATIC REPRESENTATION OF ORIGINS OF OCULAR MUSCLES AT THE APEX 
or THE RIGHT ORBIT. 


(After Schwalbe, slightly altered.) 
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finally it ascends slightly, to be inserted by a short tendon into the sclerotic at the 
back of the eye. Its nervous supply is derived from the third nerve. The precise 
manner of insertion of the different ocular muscles has been described above in our 
EXAMINATION OF THE EYEBALL. (For Muscues or THE EYELIDS AND EYEBROWS, 
see pages 331 and following.) 

Action of the ocular muscles.—While rotating the globe so that the cornea is 
turned in different directions, the ocular muscles ‘do not alter the position of the 
eyeball in the orbit either laterally, vertically, or antero-posteriorly. In speaking, 


Fia. 735.—Tue MUSCLES or THE EYE SEEN FROM THE ar AL SIDE. 
(After Testut.) 
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* 
therefore, XS. being moved upwards or outwards, ete., it is the altered position 
of the ANNO front of the eye that we mean to express; it is manifest that, if the 
cornea qnoWes up, the back of the eyeball must simultaneously be depres sed, and 
simil with other movements. All the movements of the globe take place by rota- 
xes passing through the centre. Though the possible axes are numerous 
combined muscular action, there are three principal axes of rotation of the eye- 

, and in reference to these the action of individual muscles must be described. 
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Two of these axes are horizontal and one vertical; they all pass through the centre 
of rotation at/right angles to one another. By rotation of the eye on its vertical 
axis the cornea is moved outwards (towards the temple) and inwards (towards the 
nose): movements called respectively abduction and adduction. In upward and 
downward movements of the cornea the eye rotates on its horizontal equatorial 
axis. The other principal axis of rotation is the sagittal, which we have previously 
described as corresponding to the line joining the anterior and posterior poles of the 
globe (page 1023). In rotation of the eye on its sagittal axis, therefore, the cornea 
may be said to move as a wheel on its axle, for its centre now corresponds to one 
end of the axis; in other words, this is a rotation of the cornea. Such movements 
may, consequently, be expressed with reference to their effect on an imaginary 
spoke of the corneal wheel—e. g., one running vertically upwards from the corneal 
centre. Thus we may say ‘rotation of the cornea outwards’ when this part. of the 
wheel moves towards the outer canthus, or ‘inwards’ when towards the nose. 

The only two museles that rotate the eyeball merely on one axis are the ex- 
ternal rectus and the internal rectus; the former abducting, and the latter ad- 
dueting, the cornea. The action of the superior and inferior recti is complicated by 
the obliquity of the axes of muscles and globe previously mentioned. 


Fia. 7360.— Vik&w or LEFT ORBIT FROM ABOVE, SHOWING THE OCULAR MUSCLES. 
(From Hirschfeld and Leveillé.) 
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The chief action of the superior rectua) to draw the cornea upwards, but at 
the same time it adducts and rotates th€A@rnea inwards. 

The inferior rectus mainly draw cornea downwards, also adducting it and 
rotating it outwards. Q) 

The chief action of the su NY oblique is to rotate the cornea inwards, also 
drawing it downwards and sliggfNNáAbducting it. 

The inferior oblique Mai rotates the. cornea outwards, also drawing it up- 
wards and slightly abductngy 


The fascie of th bit.—The orbital contents are bound together and sup- 
ported by fibrous tigX{e#, which are connected with each other, but which may 


conveniently be refarjléd as belonging to three systems. These are:—(1) Those 
lining the bony aNs; (2) those ensheathing the muscles; and (3) the tissue which 
partially ene ® the eyeball. 

1. The l periosteum, or periorbita, is closely applied to the bones form- 
ing the wills “of the cavity, but may be stripped off with comparative ease. It 


prese nings for the passage of vessels and nerves entering and leaving the 
orkit. steriorly this tissue is very firm, being joined by processes of the dura 
m at the optic canal and superior orbital fissure; at the optic foramen it is also 
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connected with the dural sheath of the optic nerve. As it covers the inferior or- 
bital (spheno-maxillary) fissure its fibres are interwoven with smooth muscle, forming 
the orbital muscle of Müller. From its inner surface processes run into the orbital 
cavity, separating the fat lobules. One important process comes from the periorbita 
about midway along the roof of the orbit, runs forwards to the back of the upper 
division of the lachrymal gland, and there splits, helping to form the gland-capsule: 
this capsule is joined at its inner border by other periorbital bands coming off near 
the upper orbital rim, and forming the suspensory ligament of the gland. On the 
inner side of the orbit the periorbita sends fibrous processes to the trochlea of the 
superior oblique, which keep it in position. On arriving at the lachrymal groove 
the periorbita divides into two layers, a thin posterior one continuing to line the 
bone forming the floor of the groove, whilst the thicker anterior layer bridges over 
the groove and the sae which lies in it, forming the limbs of the inner palpebral 
ligament (page 1046). 


Fig. 737.— VERTICAL SECTION THROUGH THE EYEBALL AND ORBIT IN THE DIRECTION OF 
THE ORBITAL AXIS, WITH CLOSED EYELIDS. 


(Semi-diagrammatic. After Schwalbe, modified to show fasciz.) 


Periorbita green; muscle-fascia red; Tenon’s capsule yellow. 
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Quite anteriorly, at of the orbit, the periorbita sends off a membranous 
process which aids in f&rmgn? the fibrous tissue of the eyelids (orbito-tarsal liga- 
ment, or palpebral fase), and is itself continuous with the periosteum of the 
bones outside the fal margin. 

2. 'The orbit: AN les are connected by a common fascia, which splits at their 
borders and f es a sheath to each. Processes of this fascia give membranous 
investment AAN the vessels and nerves (including the optic nerve), splitting similarly 


to enclo: ; these membranous processes also assist in separating the fat lob- 
ules. Po%ęřiorly, this fascia is thin and loose, and blends with the periorbita at 
the in of the muscles. Anteriorly, it becomes thicker and firmer, accompanies 
thi ısĝles to near the equator of the eyeball, and there divides into two lamine, 


1plete funnel-shaped investment all around, passing ultimately to the eyelids and . 


m afterior and a posterior; the former continues a forward course, forming a 


ee $$ 
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orbital margin—whilst the latter turns backwards, covering the hinder third of the 
globe. 

The anterior lamina is a well-marked membrane everywhere, but in certain 
situations it presents special bands of thickening, corresponding to the direct con- 
tinuation forwards of the sheath of each rectus muscle. Above and below, this 
lamina spreads out in the form of two large membranes, which are finally applied 
to the deep surface of the palpebral fascia; the lower membrane constitutes what 
has been described as ‘the suspensory ligament of the eyeball.’ The upper mem- 
brane requires a fuller description, as its distribution is modified by the presence of 
the levator palpebrz muscle. 

The upper part of the sheath of the superior rectus (along with the adjoining 
membrane on each side of it) passes to the deep surface of the levator, to which it 
closely adheres, and completely ensheaths this tendon by extending round its 
borders to its upper surface. The lower part of this levator sheath is applied to the 


Fig. 738.—HORIZONTAL Section THROUGH LEFT ORBIT, VIEWED FROM ABOVE. 
(After von Gerlach. To show check ligaments, ete.) 
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inferior surface of the deeper of ro divisions of the levator muscle, superior 
tarsal muscle of Müller), and gya&pclfed to the upper border of the tarsus of the 
upper lid, reaching laterally t ' outer and inner angles of the orbit. The upper 
part of the sheath of th A. tarsal muscle reaches to the middle of the pal- 
pebral fascia, and is mai&ly Jontinued forwards between the.muscle and the fascia 
to the anterior surface,of tE tarsus. 

The lower meml$ (suspensory ligament of the eyeball), joined by the sheath 
of the inferior rec ND TR forwards to the attached (hinder) border of the tarsus 
of the lower lid fe it is mainly attached, while a part of it extends to the lower 


palpebral fg S : 
To un d the special bands of the anterior lamina mentioned above, we 
must follow ae sheath of each rectus muscle forwards, when we find that, while it is 
rather Ta applied to the muscular belly in its posterior two-thirds, it then sud- 
d edes thicker, and is firmly attached to the muscle for some distance before 
eaving it, and is thereafter often accompanied by some muscle-fibres. The 


'and then a second slighter 
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best developed of these bands, the external check ligament, passes forwards and out- 
wards to the outer angle of the orbit, helping to support the lachrymal gland on its 
way, and is inserted near the orbital edge immediately behind the external pal- 
pebràl ligament. The inner band, or internal check ligament, is larger than the 
outer, but not so thick; it passes forwards and inwards to be inserted into the upper 
part of the lachrymal crest and just behind it. These two bands, external and 
internal, come from the sheaths of the corresponding recti muscles. From the 
sheath of the superior rectus come two thin bands, one from each border. The 
inner joins the sheath of the tendon of the superior oblique; the outer goes to the 
external angle of the orbit, assisting in the support of part of the lachrymal gland. 
The sheath of the inferior rectus is thickened in front, and, on leaving the muscle, 
goes to the middle of the inferior oblique, splitting to enclose it; it then passes to 
be inserted into the lower inner angle of the orbit close behind its margin, about 
midway between the internal check ligament and the orbital attachment of the 
inferior oblique. 

3. In addition to its partial investment by the muscle-fascia, the eyeball has a 
special membrane enclosing its hinder two- thirds, the fascia bulbi or Tenon's 
capsule. This is a thin, transparent tissue, situated immediately beneath the 
posterior lamina of the muscle-fascia. It follows the curve of the sclerotic from 
the insertion of the recti to about 3 mm. from the optic nerve entrance, when it 
leaves the eyeball and blends with the-pósterjór lamina of the muscle-fascia; the 
combined membrane may be traced. backwards, enveloping the optic nerve- -sheath 
loosely, approaching it as it nears the optic foramen, but never actually joining it. 
The interval between it and the nerve-sheath is called the supravaginal lymph-space. 
Tenon's capsule first comes into relation with the muscles at the point where they 
are left by their proper sheaths; it there invests their tendons, forms a small serous 
bursa on the anterior surface of each, and adheres to the sclerotic in the form of a 
line running around the globe, just anterior to the insertions of the four recti muscles. 
Between this line and the corneal border, the conjunctiva is separated from the 
sclerotic by the Puben EHI tissue, strengthened by a fine expansion of the 
muscle-fascia. 

The inner surface of the Baila’ is smooth, afid is only connected with the sclerotic 
by a loose, wide-meshed areolar tissue. This interval between the sclerotic and 
capsule, known as the. interfascial or Tenon's space, is a lym avity, and per- 
mits free movements of the eyeball within the capsule: 

Relation of Tenon’s Capsule to the Oblique Muscles. — The 
posterior third of thè inferior oblique and its tendon,’run 
face till it meets the fascial band coming from the infe 
forming a serous bursa on ‘the sùperficial surface oft 
The tendon of the superior oblique for about its 
solely by Tenon’s capsule; in front of this, agg the trochlea, the tendon lies 
in a membranous tube derived from the mukcle)* cia, the inner lining of which 
is smooth, and may be considered as a pro 1 of Tenon’s capsule. 


ile surrounds the 
long its ocular sur- 
rectus (see above), and 
lique near its insertion. 
ve millimetres is invested 


THE ee NERVE 

The part of this nerve with whg e have here to do lies within the orbit, ex- 
tending from the optic foramen eyeball. Its course is somewhat S-shaped; 
thus, on entering the orbit, 1 soo. a eurve, with its convexity down and out, 
^, convex inwards. Finally, it runs straight for- 
wards to the globe, whic wafers to the inner side of its posterior pole. 

In its passage throu% tie optic canal the nerve is surrounded by a prolongation 
of the meninges. . Te. dura mater splits at the optic foramen, part of it joining 
the periorbita, whi e remainder continues to surround the nerve loosely as its 
outer or dural h. The nerve is closely enveloped by a vascular covering 
derived from t€e\yia mater, named accordingly the pial sheath. The space between 
these two ‘hs, known as the intervaginal space, is subdivided by a fine pro- 
longation e arachnoid (the arachnoidal sheath) into two parts, viz., an outer, 

wt subdural, and an inner, wider, subarachnoid space,'communicating with 
sponding intracranial spaces. The arachnoidal sheath is connected with 

hry on each side of it by numerous fine processes which bridge across the 
ee spaces. The pial sheath sends processes inwards, which form a frame- 
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work separating the bundles of nerve-fibres; between the enclosed nerve-fibres 
and each mesh of this framework there is a narrow interval occupied by lymph. 
4 The nerve-fibres are medullated, but have no primitive sheath. About fifteen or 
twenty millimetres behind the globe the central vessels enter, piercing obliquely 
l the lower outer quadrant of the nerve, and then run forwards in its axis. They are 


Fra 739.—TRANSVERSE SECTION THROUGH OPTIC NERVE, SHOWING THE RELATIONS OF 
ITS SHEATHS AND CONNECTIVE-TISSUE FRAMEWORK. 
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là accompanied throughout by a special process of the pial sheath, which forms a 
i fibrous cord in the centre of the nerve. 
| On reaching the eyeball, the dural sheath is joined by the arachnoid, and turns 
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away from the nerve to be continued into the outer two-thirds 
Similarly the pial sheath also here leaves the nerve, its greatenfp* 
; the inner third of the sclerotic, while a few of its fibres join thé 


Fig. 740.—LoNGrTUDINAL SECTION THROUGH TERMIN N*or Optic NERVE. 
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| vaginal epeQMiequently ends abruptly in the sclerotic around the nerve-entrance. 
In this locaWfy the connective-tissue framework of the nerve becomes thicker and 

s meshwork, and has been already alluded to as the lamina cribrosa. It 
is NY oy processes passing out from the central fibrous cord at its termination 
os rocesses passing inwards from the pial sheath, sclerotic, and chorioid. It does 


closer i 


I ass straight across the nerve, but follows the curve of the surrounding sclerotic, 
66 
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being therefore slightly convex backwards. The nerve-trunk here quickly becomes 
reduced to one-half its former diameter, the fibres losing their medullary sheath, 
and being continued henceforward as mere axis-cylinders. Apart from the conse- 
quent. loss of bulk, this histological change may be readily recognised macroscopi- 
cally in a long itudinal section of the nerve, its aspect here changing from opaque 
white to semi-translucent grey. The part of the nerve within the lamina cribrosa 
has already been seen in our ophthalmoscopic examination of the living eye. 

The optic nerve is mainly nourished by fine vessels derived from those of the 
pial sheath, which run into the substance of the nerve in the processes above men- 
tioned. In front of the entrance of the central retinal artery this vessel aids to 
some extent in the blood-supply of the axial part of the nerve. 


THE Brnoop-vEssELS AND NERVES OF THE ORBIT 


As these structures will be more particularly described in other sections of this 
work, a very short general account will suffice here. 

Arteries.—The main blood-supply is afforded by the ophthalmic artery, a 
branch of the internal carotid, which gains the orbit through the optic canal, where 
it lies beneath and to the temporal side of the nerve. On entering the orbit it 
ascends, and passes obliquely over the optic nerve to the inner w: all of the orbit; 
in this early part of its course it gives off most of its branches, which vary much 
in their manner of origin and also in their course. The arteries of the orbit are 


Fig. 741.— Tung BLOOD-VESSELS or THE LEFT ORBIT, VIEWED FROM ABOVE. 
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remarkable for theiéAprtuous course, for their delicate walls, and for their loose 
attachment to AN dns tissues. The ophthalmic artery gives off special 
branches in, tl O to the lachrymal gland, the muscles, the retina (through the 
optic nery the eyeball, as well as to the meninges, the ethmoidal cells, and the 
nasal m We brane. Twigs from all the different branches go to supply the 
j NN ordinary nerves of the orbit. Branches which leave the orbit ante- 
riorly \mify on the forehead and nose, and also go to the supply of the eyelids 
a e ear-passages. The ophthalmic artery has many anastomoses with branches 

t€ external carotid. The contents of the orbit are also supplied in part by the 
CSraosbital artery, a branch of the internal maxillary; in particular this artery 
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supplies part of the inferior rectus and inferior oblique muscles in the cavity, and 
also gives a branch to the lower eyelid. 

Veins.—Branches, corresponding generally to those of the artery, unite to form 
the superior and inferior ophthalmic veins, which ultimately, either separately 
or united into one trunk, pass through the superior orbital fissure and empty into the 
cavernous sinus. The inferior vein is connected with the pterygoid plexus by a 
branch which leaves the orbit by the inferior orbital fissure. 

Nerves of the orbit.—These are motor, sensory, and sympathetic, and all 
enter the orbit by the superior. orbital fissure, with the exception of one small sensory 
branch passing through the inferior orbital fissure. (The optic nerve has been 
already described, and i is not included in this account.) 

A. The motor nerves are the third, fourth, and sixth cranial. 

1. The third nerve enters the orbit in two parts, an upper smaller, and a lower 
larger, division. The upper division gives off two branches: one supplies the supe- 
rior rectus, entering its lower surface far back; the other branch goes to the levator 

palpebræ, entering its lower surface in its posterior third. The lower division 
divides into three branches, of which one supplies the inferior rectus, entering its 
upper surface far back, and another supplies the internal rectus, entering its inner 
surface a little behind its middle. The third branch of the lower division gives (1) 
the short root to the ciliary ganglion, and (2) one or more twigs to the inferior rectus, 


Fia. 742.—SECTION THROUGH CONTENTS OF RIGHT ORBIT, 1-2 MM. IN FRONT OF THE OPTIC 
FORAMEN, VIEWED FROM BEHIND. (After Lange.) 
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and the remainder of this branch then enters th Qu. N of the inferior oblique 
muscle about its middle. 
2. The fourth nerve supplies the superf oblique muscle, entering its upper 


tade about midway in its course. Q 

3. The sixth nerve supplies the extezparectus, entering its inner surface about 
the junction of the posterior and midc (ixi: of the muscle. 

As regards the manner of termiXaifon of these motor nerves, it is found that 
in all the ocular muscles the ne: @) K8 entrance breaks up into numerous bundles 
of fibres, which form first co SENS then fine plexuses, the latter ultimatelv send- 
ing off fine twigs supplyingztKe pruscle throughout with nerve-endings. The poste- 
rior third of these muscle€ isgNowever, comparatively ill supplied w ith both kinds 
of plexuses and with nervewefdings. 

B. The sensory « s are supplied by the first and second divisions of the 
fifth eranial nerve first division, or ophthalmie nerve, is entirely orbital; 
while the second axillary, only sends a small branch to the orbit. 

1. The o ic division of the fifth nerve enters the orbit in three divi- 
sions, name’ 

(1) Fronte?, splitting subsequently into supratrochlear and supraorbital, both 

passing ox the orbit. It is distributed to the corresponding upper eyelid, and 
ilie d vpr the root of the nose, the forehead, and the hairy scalp as far back as 
th&corShal suture on the s same side. It also gives branches to the periosteum in 
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(2) Lachrymal, supplying the lachrymal gland, anastomosing with a branch 
of the maxillary in the orbit, and finally piercing the upper eyelid. Outside the 
orbit it is distributed to the outer part of the upper lid, the conjunctiva at the ex- 
ternal canthus, and the skin between this and the temporal region. 

(3) Naso-ciliary, giving off—(a) a branch to the ciliary ganglion, constituting its 
long root; (b) two or three long ciliary nerves; and (c) the injratrochlear, passing out 
of the orbit. The nerve then leaves the orbit as the anterior ethmoidal nerve, 
re-entering the cranial cavity before being finally distributed to the nose. The 
infratrochlear branch supplies the eyelids and skin of the side of the nose near the 
inner canthus, the lachrymal sae, earuncle, and plica semilunaris. The anterior 
ethmoidal nerve, after its course in the cranial cavity, passes through an aperture 
in the front of the cribriform plate of the ethmoid bone, and is ultimately distributed 
to the nasal mucous membrane, and to the skin of the side and ridge of the nose near 
its tip. 

2. The maxillary division of the fifth nerve gives a branch, called the zygo- 
matic nerve, which passes into the orbit through the inferior orbital fissure, anas- 
tomoses with the lachrymal, and leaves the orbit in two divisions. These are dis- 
tributed to the skin of the temple and of the prominent part of the cheek. 

A few minute twigs from the spheno-palatine ganglion, and sometimes from the 
maxillary division of the fifth nerve, also pass through the inferior orbital fissure to 
supply the periorbita in this neighbourhood. 

C. The sympathetic nerves of the orbit are mainly derived from the plexus on 
the internal carotid. With the exception of branches accompanying the ophthalmic 
artery, and of the distinct sympathetic root of the ciliary ganglion, they enter the 
orbit in the substance of the other nerve-cords. The connections between the ocular 
nerves and the carotid plexus are recognisable as fibres going to the third, sixth, and 
ophthalmie nerves; as a rule, the comparatively large twigs going to the sixth join 
it furthest back, and those to the third furthest forwards. Sympathetie connections 
with the fourth nerve are very doubtful. The special courses of the motor fibres to 
the dilator pupillz have already been described. 

The ciliary ganglion is situated between the optic nerve and external rectus 
far back in the orbit. Its three roots—motor, sensory, and sympathetic—have been 
already mentioned. Anteriorly, it gives off three to six small tyunks, which sub- 
divide to form the short ciliary nerves, about twenty in n er, plercing the 
sclerotie around the optic nerve entrance. 

The lymphatic system of the orbit.—Although ther 
sels or glands in the orbit, the passage of lymph is neveg 
We have already observed the lymph channels with) 
sheaths of the optie nerve, and have seen how th XC) 
the lymph channels of the eyeball, and posterior T 1 
spaces. In addition, there are lymph-spaege"w 
between the outer coat and the loose invest urnished by the muscle fascia. 
The nerves of the orbit (apart from the iUc are probably similarly surrounded 
by lymph-spaces. In the absence of ly atie vessels it is difficult to trace the 
circulation thoroughly; much of the Qm is the orbital cavity is said to pass 


no lymphatic ves- 
ss well provided for. 
tween, and outside the 
amunicate anteriorly with 
the intracranial meningeal 
nd the blood-vessels, situated 


into the parotid nodes. 


and the position of th S has been indicated. We have now to ascertain the 
nature and relations o tarsus, and describe the other tissues entering into the 
formation of the «O5 
The skin hereg N , bearing fine hairs, and having small sebaceous and numerous 
small sweat-gls O Immediately beneath it is a loose subcutaneous tissue, des- 
titute of fag*&parating the skin from the palpebral part of the orbicularis muscle. 
The lid-f f this muscle arise from the inner palpebral ligament, and course 
over the ole upper and lower eyelids in a succession of arches, so as to meet 
againeQNyond the outer canthus; there they in part join one another, in part are 
Oy nto the outer palpebral raphe. The muscular fibres are arranged in loose 
ind¥s, with spaces between them occupied by connective tissue; in the 
Qe lid these connective-tissue fibres may be traced upwards and backwards into 


N HE EYELIDS 
The cutaneous and c © ival surfaces of the lids have already been examined, 
tanp 
f 


A? e fibrous expansion of the tendon of the levator palpebre superioris. One strong 
* 
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bundle of orbicularis fibres, called the musculus ciliaris Riolani, is found near 
the edge of the lid, in front of and behind the efferent ducts of the tarsal glands. 

A central connective tissue separates the orbicularis muscle from the tarsus 
in the tarsal division of the lids. In the upper lid this is to be regarded as mainly 
the anterior or fibrous expansion of the tendon of the levator palpebre, which 
sends connective-tissue septa between the bundles of the overlying orbicularis (as 
H just mentioned) going to the skin. In the orbital part of this lid the central con- 
j nective tissue includes also the palpebral fascia, lying here immediately beneath the 
T orbieularis muscle; but this soon thins off and fades into the more deeply placed 
levator expansion. This latter is strengthened by an extension of the sheath of 
the superior rectus, by which this muscle is enabled to influence the elevation of 
the lid indirectly. In the lower lid the central connective tissue similarly consists 


Fic. 743.— VERTICAL TRANSVERSE SECTION THROUGH THE UPPER EYELID. 
(After Waldeyer and Fuchs.) 
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of palpebral fascia, aM a thin fibrous extension of the sheath of the inferior 
rectus. Immediately in f of each tarsus is a little loose connective tissue, which 
contains the large jour essels and nerves of the lids. 

The tarsus of id is a stiff plate of close connective tissue, with its sur- 
faces directed : cen and posteriorly; in its substance the tarsal glands are 
embedded. NS rsal border is. free, viz., towards the edge of the lid, the other 
is EN Se is straight, while the latter is convex, especially in the 
upper AN Y length of each tarsus is about twenty millimetres. Its breadth 
is grea in the middle of the lid, and becomes gradually smaller towards each 
cant where the tarsi are joined to the outer and inner palpebral ligaments. The 
des dt® of the upper tarsus (10 mm.) is about twice that of the lower. The thick- 
es of each is greatest, and its texture closest, at the middle of its length, thin- 
AV 
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ning off towards the canthi and towards both borders. Into the superior anterior 
border of the upper tarsus the lower layer of the levator expansion is attached, con- 
sisting of smooth muscle-fibres constituting the superior tarsal muscle of Müller. 
In like manner, at the inferior border of the lower tarsus, bundles of smooth muscle- 
fibre are inserted (the inferior tarsal muscle of Müller), developed in what has 
been regarded as part of the extension of the sheath of the inferior rectus. 

The palpebral conjunctiva is firmly adherent to the back of the tarsus; but in 
the orbital part of the lid loose subconjunctival tissue intervenes between it and 
Müller's tarsal muscle. Adenoid tissue occurs in the substance of the conjunctiva, 
especially in its orbital division. Near the upper fornix, the conjunctiva receives 
expansions of the tendon of the levator palpebree and of the sheath of the supe- 
rior rectus, and, at the lower fornix, of the sheath of the inferior rectus. The sur- 
face of the tarsal conjunctiva shows small elevations or papillae everywhere; but 


these are particularly well marked over the attached border of the tarsus. 


Glands of the eyelids.—From its manner of formation the eyelid may be re- 
garded as consisting of two thicknesses of skin, the inner (or posterior) having been 
doubled back upon the outer at the edge of thelid; thus the cuticle and corium of the 
skin proper are represented respectively by the conjunctiva and tarsus of the inner 
thickness. At the free border of the lid, accordingly, we find glands corresponding to 
the sebaceous and sweat-glands of the skin, viz., large sebaceous glands of the cilia 
(Zeiss's glands) and the ciliary glands of Moll, which are modified sweat-glands. 
Again, in the inner skin-thickness of the lid, the tarsal (Meibomian) glands are 
sebaceous. Acino-tubular mucous glands occur at the attached border of the 
tarsus (Krause’s or Waldeyer’s glands), and similar glands also occur at the fornix, 
and are especially abundant near the outer canthus of the upper lid, close to the 
efferent ducts of the lachrymal gland; from their structure and the character of 
their secretion, these acinous or acino-tubular glands have been termed by Henle 
‘accessory lachrymal glands.’. Other simple tubular glands (Henle), formed 
merely by the depressions between the papille, are best dev eloped in the i inner and 
outer fourths of the tarsal conjunctiva of both lids. 

Blood-vessels.—The arteries run in the central connective tissue of the lids, 
mainly in the form of arches near the borders of the tarsus, from which twigs go 
to the different palpebral tissues. They are' supplied by the d mal and palpe- 


bral branches of the ophthalmic, and by small branches derive n the temporal 
artery. The veins are more numerous and larger than the , and form a 
close plexus beneath each fornix. They empty themselve NE veins of the 
face at the inner, and into the orbital veins at the outer, ca 

The lymphatic vessels of the lids are numerous, ¢ 
in the conjunctiva. Lymph-spaces also surround 
The palpebral lymphatic vessels mainly pass throu 
times at least, those from the inner half of © 

ls 


Aare principally situated 
icles of the tarsal glands. 
je parotid nodes; but, some- 
er lid go to the submaxillary 
lymphatic nodes. 

Nerves.—(a) Sensory. The upper lic chiefly supplied by branches of the 
supraorbital and supratrochlear RA | NS lid by one or two branches of 
the infraorbital. At the inner FARRS) infratrochlear nerve also aids in the 
supply, and, at the outer canthus, théđachrymal. (b) Motor. The palpebral part 
of the orbicularis is supplied by es of the facial nerve, which mainly enter 
it near the outer canthus. Mil rsal muscles are supplied by the sympathetic 
nervous system. NN 


The inner palpebraflig@rfent, or tendo oculi, has been referred to previously. 
Arising from the fronta cess of the maxilla, it extends outwards over the front 


wall of the laehrysnafsac, bends round the outer wall of the sac, and then passes 
backwards to ev erior crest on the lachrymal bone. It is thus U-shaped, 
having its limb <a rior and posterior, embracing the lachrymal sac; the anterior 


~ 


ee lies in ly beneath the skin, and is visible in the livi ing. The palpebral 

fibres VEN icularis are inserted into the outer surface of both limbs, those 
attached NN NS posterior limb constituting Horner’s muscle. The outer palpe- 
bral e is merely a stronger development of connective tissue in the orbicu- 
lari h ligaments are connected with the tarsi as already mentioned. 
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THe LACHRYMAL APPARATUS 


The tears are secreted by an acinous gland, and flow through fine ducts to the 
upper outer part of the conjunctival sac, “whence they are drained off through the 
puncta, pass along the canaliculi into the lachrymal sac, and ultimately run down 
the nasal duct to gain the inferior meatus of the nose. 

The lachrymal gland is situated near the front of the outer part of the roof of 
the orbit, lying in a depression in the orbital plate of the frontal bone. It consists 
of two very unequal parts, one placed above and the other beneath the tendinous 
expansion of the levator palpebrz superioris, but small gaps in the expansion per- 
mit of connections between these two parts of the gland. The upper and larger 
subdivision (superior lachrymal gland) is a firm elongated body, about the size of 
a small almond; it has a greyish-red colour, and is made up of closely aggregated 
lobules. The upper surface (next the orbital roof) is convex, and its lower surface 
is slightly concave. Anteriorly, the gland almost reaches the upper orbital mar- 
gin, and it extends backwards for approximately one-fourth the depth of the 
orbit, measuring about twelve millimetres in this direction. The outer border of 
the gland descends to near the insertion of the fascial expansion of the external 
rectus, while its inner border almost reaches the outer edge of the superior rectus; 
its transverse measurement is about twenty millimetres. It is enveloped in a 
eapsule, whieh is slung by strong fibrous bands passing to its inner border from 
the orbital margin (suspensory ligament of the gland). 


Fic. 744.—LACHRYMAL APPARATUS. (After Schwalbe.) 
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mal gland) is composed of 


The lower subdivision of the gland (inferior 
fear the outer third of the upper 


loosely applied lobules, and lies immediately 
conjunetival fornix, reaching outwards as far a8 ternal canthus. 

Each subdivision of the gland possesses sre excretory ducts, which all open 
on the outer part of the upper fornix conj vee, about four millimetres above the 
upper border of the tarsus. Those of Ps Ge bab gland, three or four in number, 
pass between the lobules of the lower id; the outermost duct is the largest, and 
opens at the level of the external c s. The ducts of the inferior gland in part 
discharge themselves into thoge ‘“&) upper, but there are also several fine ducts 
from this subdivision that run ependent course. 

Near the inner canthus af@yke two puncta lachrymalia, upper and lower, each 
situated at the summit (Of i{*Papilla. The top of each papilla curves backwards 
towards the conjunctiva ", so that the puncta are well adapted for their function 
of draining off any fuf collecting there. 

The ductus (c * uli) lachrymales extend from the puncta to the lachrymal 

sac. The PEA bhe punctum is horizontally oval, from its lips being slightly 
compressed eA posteriorly the lumen of the lower punctum is somewhat larger 
than tha NS upper. Asthe lower papilla is a little further from the inner 
"undue UN e upper, the corresponding canaliculus is longer. 

cing either ductus from its origin, we find that at first it runs nearly 
veri > for a short distance, then bends sharply -towards the nose, and finally 
‘Or more or less horizontally, converging slightly towards its fellow, and not 


i uently joining it before opening into the sac. The calibre varies considerably 
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in this course, being narrowest a short distance from the punctum, and widest at 
the bend, from which point it again narrows very gradually as it nears the sac. 
The wall of the ductus consists mainly of elastie and white fibrous tissue, lined 
internally by epithelium, and covered externally by striated muscle (part of the 
orbicularis). The muscle-fibres run parallel to the ductus in the horizontal part 
of its course; but they are placed, some in front and some behind, around the 
vertical part, acting here as a kind of sphincter. Just before their termination, the 
ducts pierce the periosteal thickening that constitutes the posterior limb of the inner 
palpebral ligament. 

The lachrymal sac lies in a depression in the bone at the inner angle of the 
orbit (the lachrymal fossa). It is vertically elongated, and narrows at its upper 
and lower ends; the upper extremity or fundus is closed, while the lower is contin- 
uous direetly with the nasal duet.  Laterally, the sac is somewhat compressed, so 
that its antero-posterior is greater than its transverse diameter. The ducts, 
either separately or by à short common tube, open into a bulging on the outer sur- 
face of the sac near the fundus. As has previously been mentioned, the sac is 
surrounded by periosteum, but between this and the mucous membrane forming 
the true sac-wall there is a loose connective tissue, so that the cavity is capable 
of considerable distension. The relations of the inner palpebral ligament have 
already been described; it is to be noted that the fundus of the sac extends above 
this ligament. 

The naso-lachrymal duct reaches from the lower end of the sac to the top of 
the inferior meatus of the nose, opening into the latter just beneath the adherent 
border of the inferior nasal concha. Traced from above, its main direction is down- 
wards, but it has also a slight inclination backwards and outwards. It lies in a 
bony canal, whose periosteum forms its outer covering. Between this and the 
mucous membrane of the duct there is a little intermediate tissue, in which run 
veins of considerable size connected with the plexus of the inferior concha. The 
duet does not usually open directly into the nasal cavity at the lower end of the 
bony canal, but pierces the nasal mucous membrane very obliquely, so that a flap of 
mucous membrane covers the lower border of the opening in the bone, upon which 
flap the tears first trickle after escaping from the duct proper. 

The sac and naso-lachrymal duct together constitute the laghrymal canal, 
lined throughout by a continuous mucous membrane. ‘This brane presents 
folds in some situations, especially near the opening of the c&NWeuli, at the junc- 
tion of the sac and duct, and at the lower end of the duct. at at the top of the 
duct is the most important, as it sometimes interferes wi proper flow of tears 
out of the sac. The total length of the lachrymal c is roughly twenty-four 
millimetres, half of this being sac, and half nasoweNMbhJymal duct. If, however, 
we reckon as duet the oblique passage through t sal mucous membrane, this 
measurement may occasionally be increased tht or ten millimetres. The 
lachrymal sac, when distended, measures gbo x ‘millimetres from before back- 
wards, by four millimetres transversely. je naso-lachrymal duct is practically 
circular, and has a diameter of about thE illimetres, rather less at its junction 
with the sae, where we find the narrowest p&t of the whole lachrymal canal. 
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THE EAR 


ORIGINALLY WRITTEN BY ARTHUR HENsMAN, F.R.C.S., AND ARTHUR Rosrnson, M.D. 
M.R.C.S. REVISED AND LARGELY REWRITTEN 


By ABRAM T. KERR, B.S., M.D. 


PROFESSOR OF ANATOMY IN THE CORNELL UNIVERSITY MEDICAL COLLEGE 


The auditory organ, or ear, is divided into three parts—external, middle, and 
internal. 


THE EXTERNAL EAR 


The external ear consists of the auricle attached to the side of the head, and 
the external acoustie (auditory) meatus leading from it to the middle ear (fig. 747). 


THE AURICLE 


The auricle, or pinna, presents a lateral and a medial surface. The lateral sur- 
face is irregularly concave (fig. 745), the deepest part of the concavity, the concha, 
being partially divided by an oblique ridge, the crus of the helix, into a superior 


Fie. 745.—LaATERAL SURFACE OF THE LEFT AURICLE. 
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part, the cymba co yand a larger inferior part, the cavum conchae. This lat- 
ter is directly conj is with the acoustic meatus, and is bounded ventrally by a 
prominent pragag&\ the tragus, which projects dorsally and overhangs the entrance 
to the meat NN Mie tragus, which has a small tubercle on it superiorly, the supra- 
tragic tuber NN IS separated from the crus of the helix by a well-marked depression, 
the antezj&r incisure. Bounding the cavum conche dorsally and inferiorly is a 
proier þe antitragus, which is situated opposite, but inferior, to the tragus, and 
betWNeenNfhe two is a deep notch, the intertragic incisure. Bounding the concha 
doe and superiorly is à prominent semicircular ridge, the anthelix, ending in- 
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feriorly in the antitragus, from which it is separated by a slight depression, the pos- 
terior auricular sulcus. The anthelix divides superiorly into two ridges, the 
crura of the anthelix, and between these is a shallow depression, the triangular 
fossa. The superior and dorsal margin of the auricle is rolled in towards the concha, 
thus producing à prominent inturned rim, the helix, continuous anteriorly with the 
erus of the helix, and inferiorly with the lobule, and also an elongated depression, 
the scapha (scaphoid fossa), which separates the helix and the anthelix. Superiorly 
and dorsally the free margin of the helix frequently presents a slight projection, the 
auricular tubercle (tubercle of Darwin). Upon the medial surface of the auricle 
‘the depressions of the lateral surface are represented by the eminence of the 
concha, the eminence of the scapha, and the eminence of the triangular fossa; 
and the elevations by the fossa of the anthelix, transverse sulcus of the anthelix, 
and the sulcus of the crus of the helix. The attachment of approximately one- 
third of the medial surface covers up the two latter depressions. The cephalo- 
auricular angle, which is formed between the dorsal free part and the side of the 
head, averages 20 to 30 degrees. 


STRUCTURE OF THE AURICLE 


The characteristic features of the auricle just described are mainly produced by 
a folded yellow elastic cartilage, the auricular cartilage, which, in addition to the 
elevations and depressions already noted, presents the following additional features. 


Fic. 746.—LATERAL AND MEDIAL SURFACE OF THE CARTILAGE OF THE RIGHT PINNA AND ITS 
MUSCLES, ETC. 
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Projecting anteriorly from the y^ X r the crus is a small tubercle, spine of the he- 
lix (fig. 746); a part of the h a helicis, is separated infer iorly from the anti- 
tragus by the deep antitra icine fissure; and another deep fissure, the ter- 
minal incisure, separat, artilage of the auricle from that of the meatus, leaving 
only a narrow strip, tl{e isf!?fmus, connecting the two. The cartilage of the tragus, 
the lamina tragi, is sefwrited from that of the auricle and is attached to the lateral 
edge of the c: cae f the meatus. 
The skin ye ves d aricle closely follows the irregularities of the cartilage. It is 
tightly bound Eo ios of the lateral surface by the subcutaneous areolar 
tissue, but more loosely attached to the medial surface, and in the subcutaneous 
tissue AN ittle fat except in the lobule, which is made up almost entirely of fat 
and to SS brous tissue. Hairs are abundant but rudimentary, except in the region 
agus and antitragus, where they may be large and long, particularly in males 
eae) e aged. Sebaceous glands are found on both surfaces, and are especially 
el[Mieveloped in the concha and triangular fossa, but sudoriferous glands are few 
ex scattered 
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Ligaments and muscles.— The auricle is attached to the side of the head by the 
skin, by the continuity of its cartilage with that of the acoustic meatus, and by certain 
extrinsic ligaments and muscles. Three ligaments may be distinguished in the con- 
nective tissue:—The anterior ligament, stretching from the zygoma to the helix 
and tragus; the superior ligament, from the superior margin of the bony external 
acoustie meatus to the spine of the helix; and the posterior ligament, from the mas- 
toid process to the eminence of the concha. There are also three extrinsic muscles, 
the anterior, superior, and posterior auricular (see p. 333, fig. 306). Six intrinsic 
muscles are distinguished. "These are poorly marked in man and vary much in de- 
velopment. Upon the lateral surface (fig. 746) the helicis major stretches from the 
spine of the helix to the ventral superior margin of the helix; the helicis minor over- 
lies the crus helicis; the tragicus runs vertically upon the tragus; and the anti- 
tragicus stretches from the antitragus to the cauda helicis. Upon the medial sur- 
face (fig. 746) the transversus auricula stretches between the eminences of 
concha and scapha, and the obliquus between the eminences of the concha and the 
triangular fossa. 


VESSELS AND NERVES 


The arteries are the auricular branch of the posterior auricular and the anterior auricular 
branches of the superficial temporal (pp. 526 and 527). ‘The veins are the anterior auricular vein 
of the posterior facial (temporal) and the auricular branches of the posterior auricular (pp. 648 
and 649). The latter sometimes join the transverse (lateral) sinus through the mastoid emissary 
vein. Thelymphaticsempty into the anterior and posterior auricular lymph-nodes (p. 707). 
The sensory nerves of the auricle are the branches of the great auricular, small occipital (p. 913, 
fig. 708), and auriculo-temporal (p. 971, fig. 708). The muscles are supplied by the posterior auric- 
ular branch of the facial (p. 977, fig. 705). 


VARIATIONS 


There are many variations in the size, shape, and conformation of the auricle and in the 
cephalo-auricular angle. These are associated not only with differences in sex, age, and race, 
but are also found in individuals of the same family. 


THE EXTERNAL ACOUSTIC MEATUS 


The external acoustic (auditory) meatus extends medially petat ven- 
trally from the concha to the tympanie membrane (fig. 747) w about twenty- 
five mm. (1 in.) long, and, owing to the obliquity of the tyn(&4pic membrane, its 
ventral and inferior wall is slightly longer than the dorsal angGWpérior. It consists of 
a lateral cartilaginous and a medial osseous portio te canal describes an 
S-shaped curve in both horizontal and vertical direction lis convex ventrally and 
inferiorly towards its auricular end, and concave ver w and inferiorly towards its 
tympanic end. The irregularly elliptical lumen I wong axis vertical at the auric- 
ular, but nearly horizontal at its tympanic o) lt is constricted at about its 
centre, and also near the tympanum. 

Relations.—The anterior wall is in relafidp’with the condyle of the mandible 
medially, and with the parotid gland latezgllw* the inferior wall is closely bound to 
the parotid gland; and the posterior we the bony part is separated by only a 
thin plate of bone from the mastoid Q» The superior wall is separated at its 
medial end by a thin plate of NE > epitympanic recess, and laterally a thicker 
layer of bone separates it from t anial cavity. 

Structure of the mea ie walls of the meatus are formed laterally of 
fibro-cartilage and meio pone. The cartilage is folded upon itself to form a 
groove, the deficient and doNwfl part of which is completed by dense connective tissue, 
the groove being thus wee apes into a canal. Medially, the cartilage forms about 

M erence; laterally, two-thirds. "Two fissures or incisures 


one-third of the cj 

(incisures of San, Lb usually occur in its anterior wall (fig. 746). Laterally the 
cartilage is di " y continuous with the cartilage of the auricle and medially it is 
firmly conn vith the lateral lip of the osseous portion. The osseous portion 
forms an lore than half the canal, and is formed by the tympanic portion of the 


temporakgkgne; it is described in connection with that bone (p. 63). ix 
T id of the meatus forms a continuous covering for the canal and tympanic 
membrane. It is thick in the cartilaginous, but very thin in the bony, part of the 
5, especially near the tympanie end, whereit is tightly bound to the periosteum. 


Ag 
m 
SS 


1052 ORGANS OF SPECIAL SENSE 


In the cartilaginous ineatus it is supplied with numerous fine hairs and sebaceous 
glands, neither of which are found in the bony meatus, and tubular ceruminous 
glands, which secrete the cerumen (ear wax), form a nearly continuous layer through- 
out the cartilaginous, but occur on only a small part of the dorsal and superior wall 


Fig. 747.—SEcTION OF THE MIDDLE AND EXTERNAL EAR. 
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ot the bony, meatus. The openings of their ducts appear rk points to the naked 
eye (fig. 747). 


The arteries are branches from the posterior auricu AQ erficial temporal, and deep auric- 
ular (pp. 526 and 529). The veins and lymphatics copa Ng With those of the auricle and empty 
similarly. The nerves are branches from the "O nporal and the auricular ramus of the 
vagus. 


THE MÉÍDDLE EAR 


The middle ear is completely rated from the external ear by the tympanic 
membrane, which is stretched ob y across the medial end of the external acoustic 


meatus. Q 

The tympanic memb NN elliptical, its long axis measuring 9 to 10 mm., its 
short axis, 8 to 9 mm. bes medially from the superior and dorsal to the inferior 
and ventral wall of tle ny tus, forming, as a rule, with the superior wall, an angle 
of 140 degrees (von Oltsch). It varies, however, greatly in form, size, and 
obliquity. The €itransparent membrane, which sometimes has a reddish 
tinge, is draw Tedially and made funnel-shape by the manubrium of the 
malleus, AN alls of the funnel bulge towards the meatus (fig. 750). The most 
depress NN ty the umbo, is slightly inferior and dorsal to the centre of the membrane, 
and coWehds to the tip of the manubrium (fig. 748), and from it a whitish streak, 
the mgalMolar stria, caused by the manubrium shining through, passes superiorly 
to s the circumference. At the superior end of the stria a slight projection, 
t leolar prominence, is formed by the lateral process of the malleus, and from 


e {Wo folds, the anterior and posterior plice, stretch to the extremities of the tym- 


anie sulcus (fig. 748). The small triangular area of the membrane bounded by the 
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plice, the pars flaccida, or Shrapnell's membrane, is thin and flaccid, and is attached 
directly to the petrous bone in the tympanic notch (notch of Rivinus). The larger 
part of the tympanie membrane, the pars tensa, is inferior to the pliez and is tightly 
stretched. Its thickened margin, the limbus, is attached by a fibro-cartilaginous 
annulus to the tympanic sulcus, and at the spines of the tympanic ring is continuous 
with the plice. 

Structure of the tympanic membrane.—The tympanic membrane is about 1 mm. 
thick, and consists of four layers. The lateral cutaneous layer is very thick, 
and is a continuation of the cutaneous layer of the external acoustic meatus. Next 
to it is a radiate fibrous layer, composed of connective tissue, the fibres of which 
are attached to the manubrium of the malleus and radiate from it. The circular 
fibrous layer, which has its fibres arranged concentrically and is especially thick at the 
circumference, is closely bound to the radiate layer, and, finally, the mucous layer, 
which is a continuation of the mucosa of the tympanic cavity, covers the medial 
surface of the membrane smoothly, except where the manubrium of the malleus 
causes a projection. The fibrous layers are attached to the fibro-cartilaginous ring 
and are lacking in the pars flaccida. | 

The tympanic cavity is an air-space lined with mucous membrane and situated 
between: the external and internal ears (fig. 747). It measures about 15 mm. in 
both ventro-dorsal and vertical directions, and its width varies from 2 mm. to 4 mm. 
or more, being narrowest at the centre and wider superiorly than inferiorly. It pre- 


Fig. 748.—LATERAL SURFACE OF THE LEFT MEMBRANA TyMPANI. (Enlarged from life.) 
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sents for examination six walls, each of which JS from the principal structure 


which is in relation with it and also from its These walls have been par- 
tially described in connection with the tem] x. (pp. 66, 67), so that it will be 
necessary here merely to name the various Ss 

The tegmental (superior) wall is r(gfed by the thin tegmen tympani (fig. 751). 
At its lateral edge, in the infant, is ^iro-squamous suture, and in this situation 
an occasional slight deficiency of t ' may persist. The jugular wall or floor 
separates the cavity from th Wear fossa, and presents a prominence corre- 
sponding to the base of at) Moid process, and numerous depressions. Upon 
the mastoid (posterior) ane ny be noted inferiorly, additional tympanic cellule 
(fig. 749), and above the! the pyramidal eminence with the tendon of the sta- 
pedius muscle E d its apex, and superiorly the chorda tympani nerve, 
issuing from its ca ena ior to these are a depression, the posterior sinus, a 
fossa, which eat Oe hment of the posterior ligament of the incus, and the 
opening iy NN NI apanic (mastoid) antrum. The tympanic (mastoid) antrum leads 
Pe AN CAE into the mastoid air-cells, which are described on pp. 61, 
65, 67, and Wir connects with the superior part of the tympanic cavity, 
epitympag recess, or attic (fig. 751), which extends inferiorly to the level of the tym- 
pani prane and superiorly to the tegmen tympani. The prominence of the 
face I ed pian) canal and the prominence oj the lateral semicircular canal are seen 
sufdyorly, partly upon the posterior, but mainly upon the medial wall. The car- 
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otid (anterior) wall presents superiorly the tensor tympani muscle in its canal, and 
the opening of the tuba auditiva (Eustachian tube) (fig. 751). Inferiorly, a thin, bony 
wall, covered with tympanic cellule and pierced by the carotico-tympanic nerves, 
separates the tympanic cavity from the carotid canal. The membranous (lateral) 
wall is formed mainly by the tympanie membrane, with the small rim of bone to 
which it is attached, but superiorly the lateral wall of the epitympanic recess is formed 
by bone. The labyrinth (medial) wall (fig. 749) presents ventrally the promontory, 
with the tympanic plexus (Jacobson's nerve) lodged in grooves upon its surface. In- 
ferior and posterior to the promontory is a depression or fossula at the bottom of 
which is the cochlear fenestra (fenestra rotunda), closed by the secondary tympanic 
membrane, and posterior to the promontory is a smooth projection, the subiculum of 
the promontory, which forms the inferior border of a rather deep depression known as 
the tympanic simus. Superiorly is the cochlearijorm process, and superiorly and pos- 
teriorly are a depression or fossula leading to the vestibular fenestra (fenestra ovalis), 


Fra. 749.—TnHE LABYRINTH (MEDIAL) WALL OF THE RIGHT TyMPANUM WITH THE TYMPANIC 
OssIcLES IN POSITION. 
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which is closed by the base of xs the prominence of the facial (Fallopian) 
e 


canal, and the prominence e ral semicircular canal. 

The tympanic cavity NN s three small movable bones, joined together and 
to the walls of the cavit O aving attached to them special muscles and ligaments. 
These auditory osile Foy a chain across the tympanic cavity, connecting the tym- 


panic membrane and vestibular (oval) fenestra. They are the malleus, the in- 
cus, and the stapeGyynd are described on p. 69. 


N 


Articulati the ossicles.—The manubrium and lateral process of the malleus are im- 
bedded in tl mpanic membrane, and an irregularly elliptical articular surface on the posterior 
side of th. NN f the malleus is bound to the body of the incus by a thin capsular ligament, 
ee NN 1rodial joint, the incudo-malleolar articulation. From the inner surface of the 
capsulgr li&g'nent, a wedge-shaped rim projects into the joint cavity and incompletely divides it. 
The crus of the incus is arranged parallel but dorsal and medial to the manubrium of the 
isXfigs. 749 and 751), and ends dorsally and superiorly to the tip of the manubrium in the 
y process. The convex extremity of this fits into the concavity on the head of the stapes, 
o fórm a diarthrodial joint, the incudo-stapedial articulation. From its articulation with 
incus the stapes passes almost horizontally across the tympanic cavity to its junction 
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e 


with the medial wall. The cartilage-covered edge of the base is bound to the cartilage-covered 
rim of the vestibular (oval) fenestra by the annular ligament of the base of the stapes, thus form- 
ing the tympano-stapedial syndesmosis. 


Ligaments of the ossicles.—In addition to the attachment of the manubrium 
of the malleus and the base of the stapes to the walls of the tympanic cavity, the bones 
have additional ligamentous attachments. The superior malleolar ligament 
runs almost vertically from the superior wall of the epitympanic recess to the head 
of the malleus (fig. 750). The anterior malleolar ligament extends from the angu- 
lar spine of the sphenoid bone through the petro-tympanic (Glaserian) fissure to 
the anterior or long process of the malleus, which it surrounds, and is inserted with 
it into the neck of the malleus. The lateral malleolar ligament is short and thick, 
and runs from the margins of the tympanic notch (notch of Rivinus) to the neck of 
the malleus (fig. 750). The posterior ligament of the incus passes from the fossa 
on the posterior tympanic wall to the crus brevis of the incus (fig. 751). The su- 


Fie. 750.—TnH& TYMPANIC CAVITY, ANTERIOR WALL REMOVED. 
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Muscles of the ossicles.— ihe muscles of the ossicles is contained in a 
bony canal. The tensor tymp * a pinniform muscle about 2 cm. long. It arises 
from the cartilaginous part Pt uba auditiva (Eustachian tube), from the adjacent 
part of the great wing of sphenoid, and from the bony walls of the semicanal 
which encloses it. It s in a round tendon which turns almost at right angles 
over the to the mac cess and passes laterally across the tympanic cavity to be 
attached to the mar ium of the malleus near the neck. It draws the manubrium 
medially and SN j the tympanic membrane, and is supplied by the motor division 
of the fifth ex MN erve, through the tensor tympani branch from the otic ganglion. 
The stapedi N ses from the inside of the hollow pyramidal eminence, the apex of 
which is pi by its tendon, which then turns inferiorly and is inserted on the pos- 

: of the neck of the stapes. It draws laterally the ventral border of the 
stapes and is supplied by the facial nerve. 
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contents of the tympanic cavity, and is continuous anteriorly with the mucosa of the 
tuba auditiva (Eustachian tube) and posteriorly with that of the tympanic (mastoid) 
antrum and mastoid cells. It is a thin, transparent, vascular membrane intimately 
united to the periosteum. As it passes from the walls to the contents of the tympanic 
cavity, besides covering the ligaments of the malleus and the incus and the tendons 
of the tensor tympani and stapedius muscles, it forms a number of special folds and 
pouches. The anterior malieolar fold is reflected from the tympanic membrane 
over the anterior process and ligament of the malleus and the adjacent part of the 
chorda tympani; and the posterior malleolar fold, stretching between the manu- 
brium and the posterior tympanic wall, surrounds the lateral ligament of the malleus 
and the posterior part of the chorda tympani. Each of these folds presents inferiorly 
a concave free border, and between them and the tympanic membrane are two blind 
pouches, the anterior and posterior malleolar recesses or pouches of Tróltsch. 
Connected with the posterior recess is a third cul-de-sac, the superior recess of the 
tympanie membrane, or pouch of Prussak, situated between the pars flaecida of 
the tympanie membrane and the neck of the malleus. Its floor, which is formed by 
the lateral process of the malleus, is lower than its outlet and, therefore, it may serve 


Fig. 751.—MEDIAL Surrace or Rigor MEMBRANA Tympani. (Enlarged.) 
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as a pocket in which pus or other fluid Q accumulate. A somewhat variable fold 
of mucosa, the plica incudis, passes Qu the roof of the tympanic cavity to the body 
and short process of the incus. əðdy and short process of the incus, the head of 
the malleus, and this fold inco: Ayy separate off a lateral cupular portion of the 
epitympanie recess, and a ial fold stretches from the posterior wall of the 
tympanie cavity and surro the stapes, including the obturator membrane, which 
stretches between its offfa/ZOther inconstant folds have been described: The mu- 
cosa of the tympanic Cy except over the tympanic membrane, promontory, and 
ossicles, is covered io columnar ciliated epithelium. 


.—The arteries of the tympanic cavity are the anterior tympanic from 

the internal ma €. artery (p. 529, fig. 413), the stylo-mastoid from the posterior auricular 

artery (p. 5 1@ superficial petrosal from the middle meningeal artery (p. 529), the inferior 

four the NS lle ascending pharyngeal (p. 518, fig. 408), and the carotico-tympanie branch 
Wwial carotid. 


Vessels and n 


from the 1 The veins empty into the superior petrosal sinus and into the pos- 
terior fa&ial Memporo-maxillary) vein (p. 648). The nerves are the tympanic plexus formed by 
nie branch of the glosso-pharyngeal (p. 981), and the inferior and superior carotico- 
icjnerves from the internal carotid plexus of the sympathetic (p. 1005). The small super- 
trosal nerve takes its origin from the tympanic plexus, and the chorda tympani crosses 
tympanic cavity from the dorsal to the ventral wall (p. 977, figs. 704 and 751). 
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The tuba auditiva (Eustachian tube) (fig. 747) extends from the carotid (an- 
terior) wall of the tympanic cavity inferiorly, medially, and ventrally to the pharynx. 
It is about 37 mm. (1°5 in.) long, and throughout one-third of its length has a bony 
wall, that of the other two-thirds being cartilaginous. The osseous part (see p. 66) 
begins at the tympanic ostium on the anterior wall of the tympanic cavity. It is 
in relation medially and inferiorly with the carotid canal, and gradually contracts 
to its irregular medial extremity, which is the narrowest point in the tube, and 
is termed the isthmus. The cartilaginous part is firmly attached to the osseous 
and lies in a sulcus at the base of the angular spine of the sphenoid bone. It grad- 
ually dilates in its passage to the lateral wall of the pharynx, where its opening, phar- 
yngeal ostium, is just posterior to the inferior nasal concha (turbinated bone). The 
walls of the cartilaginous part are formed by a cartilaginous plate which is folded so 
as to form a trough-like structure, consisting of a medial and a lateral lamina, com- 
pleted inferiorly by a membranous lamina formed of connective tissue. A small 
portion of the lumen in the superior part of the cartilaginous tube remains permanently 
open; elsewhere the walls are in contact, except during deglutition, when they are 
opened by the tensor and levator veli palatini muscles. The mucosa of the osseous 
part is thin, and firmly attached to the bony wall, but in the cartilaginous part it 
becomes thicker, looser, and folded, and contains mucous glands, especially near the 
pharynx, where there is also some adenoid tissue. 


The development of the external and middle ear.—Embryologically the external and 
middle ears have a common origin quite distinct from that which gives rise to the internal ear, and 
are to be regarded as portions of the branchial arch apparatus, secondarily adapted to auditory 
purposes. ‘They are formed from the upper part of the first branchial cleft (see p. 9), and the 
adjacent portions of the first and second branchial arches. : 

The branchial cleft is represented in the human embryo by an external and a corresponding 
internal or pharyngeal groove, separated by a thin membrane, there being no formation of an 
actual cleft. The lower portion of the external groove closes, while the upper part persists as 
the external acoustic meatus, the auricle being formed from the adjacent portions of the first 
and second branchialarches. The first arch gives rise to the tragus, and the crus and upper portion 
of the helix, and the second arch to the remainder of the helix, the anthelix, antitragus, and lobule. 

The membrane forming the floor of the groove and separating it from the pharyngeal groove 
becomes the tympanie membrane, which is thus lined on its outer surface by ectoderm and on its 
inner by endoderm. The lips of the upper part of the pharyngeal groove unite, so that the 
portion of the groove is converted into a cavity, from which are formed the tympanie cavity and 
the tuba auditiva (Eustachian tube); the lower portion of the groove remaipopen and is rep- 
resented in the adult by the fossa in which the tonsil lies, and by the sug AN “lar fossa. The 
auditory ossicles and their muscles are derived from the neighbouring arches malleus and incus, 
together with the tensor tympani, being derived from the first arch, wh re stapes and stape- 


dius come from the second. 

The tympanic cavity is at first quite small, but later increase foi, partly by the con- 
densation of the loose areolar tissue which underlies its mucous brane, the auditory ossicles 
and their muscles being thus apparently brought within the cave Or partly by the absorption 
of the neighbouring bone. By this latter process the anty nd the tympanic and mastoid 
cells are formed, all these depressions or cavities beingeh Qs mucous membrane continuous 
with that of the tympanic cavity. 


THE BA AL EAR 
; 0 


The internal ear is the essential f the organ of hearing. It consists of a 


cavity, the osseous labyrinth, eqn within the petrous portion of the temporal 
bone, and enclosing à membra abyrinth. The osseous labyrinth is divided 
into cochlea, vestibule, and icircular canals, which have been described on 


pages 69 to 71. 
The membranous lab}wiath, in which the acoustic nerve ends, lies within the 
osseous labyrinth, the Oy of which it more or less closely resembles. It is much 
1e osseous, and its delicate walls are separated from the bone 
space which is filled with a fluid, the perilymph, while the fluid 
tins is termed the endolymph. The portion of the membranous 
labyrinth sf {NeW in the vestibule consists of two sacs, the utricle and saccule 
(figs. 755, 758.957). The utricle is an oval tubular sac, whose rounded end lies in the 
superior.ad dorsal portion of the vestibule. It is here tightly bound to the elliptic 
Sein Gh y hemielliptica) by connective tissue and by the entrance of the filaments 
of the Wericular division of the acoustic nerve as they pass from the superior macula 
i a to the wall of the utricle. In the anterior part of the interior of the utricle, an 


which it itsel 
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oval, whitish, thickened area, macula acustica utriculi, marks the terminal distribu- 
tion of the nerve, and posteriorly the utricle is joined by the orifices of the semicircular 
canals. The saccule is a flattened, oval sac, smaller than the utricle, and situated in 
the anterior and inferior part of the vestibule. Itis bound to the spherical recess (fovea 


Fia. 752.— THE Ossrous LABYRINTH OF THE RIGHT SIDE. 
(Modified from Soemmerring. Enlarged.) 
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hemispherica) by connective tissue and by the saccular division of the acoustic nerve, 
filaments of which extend from the middle macula cribrosa to the anterior and medial 
wall of the saccule, to be distributed over a thickened area, macula acustica sac- 


Fic. 753.—InTERIOR OF THE OSSEOUS LABYRINTH OF THE LEFT SIDE. 
(Modified from Soemmerring. Enlarged.) 
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culi. Anteriorly and inferiorly the D €y gradually passes into a short canal, the 
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tibuli \ the posterior surface of the petrous portion of the temporal bone, where it 
in dilated blind pouch, the endolymphatic sac, situated just beneath the dura. 
usteyond the saccule the endolymphatic duct is joined at an acute angle by a short 
al of minute calibre, the utriculo-saccular duct, which opens into the utricle 


"HE OssEovus CocHLEA. (Enlarged.) 
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through its anterior medial wall and, with the endolymphatic duct, connects it with 
the saccule. The semicircular ducts (membranous semicircular canals) are sit- 
uated within the osseous semicircular canals and are, therefore, known as the lateral, 
superior, and posterior semicircular ducts. They connect with the utricle by five 
openings, the posterior and superior ducts uniting to form a common crus before 


Fig. 755.—DIAGRAM OF THE LEFT MEMBRANOUS LABYRINTH. (Deaver.) 
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their termination. Each duct is less than a third of the diameter of the bony canal, 
from which it is separated by a large perilymphatic space, except along the greater 
curvature, where it is attached. The ducts are dilated in the bony ampullz, pro- 
ducing the lateral, superior, and posterior membranous ampulla, and on the 
attached surface of each of these there is a transverse groove, the afgpullary sulcus, 


Fia. 756.—Ricut MEMBRANOUS LABYRINTH OF A NEWBORN CHIL NN A BY PARTIAL 
REMOVAL or THE Bony LABYRINTH. Dorsal view. (Toldt, 5 Jof Human Anatomy,” 
Rebman, London and New York.) 
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for the aN ary division of the acoustic nerve, and corresponding to the sulcus 
a ridge, tke afnpullary crista, projects into the interior. The cristæ in the ampullæ 

T&ibranous semicircular ducts and the maculæ in the saccule and utricle 
"ally covered with fine crystals of calcium carbonate, otoconia (otoliths). 
he cochlear duct (membranous cochlea or scala media) begins within the 
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cochlear recess of the vestibule in a blind pouch, the vestibular cecum, and travers- 
ing the spiral canal of the cochlea, ends just beyond the hamulus of the lamina spir- 
alis in a second blind pouch, the cupular cecum. Close to the vestibular cæcum 


Fig. 757.—ScHEMATIC REPRESENTATION OF THE RIGHT MEMBRANOUS LABYRINTH AND THE 
Divisions or THE Acoustic Nerve. Dorsal view. (Toldt, “Atlas of Human Anatomy,” 
Rebman, London and New York.) 
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it is joined to the saccule by the ductus reuniens. It is lined throughout by epi- 
thelium and is somewhat triangular in cross-section. Its floor is formed by thickened 
periosteum over part of the osseous lamina spiralis and by a fibrous membrane, the 


Fig. 758.—AXIAL SECTION THROUGH THE DECALCIFIED COCHLEA OF Ag NEWBORN CHILD. 
(Toldt, ‘‘Atlas of Human Anatomy,” Rebman, London x ; York.) 
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MONT which stretches from the free border of the lamina spiralis to a 
aS ning of the periosteum, the spiral ligament of the cochlea, on the peripheral 


Q l. The epithelium of this floor is greatly modified, forming the spiral organ 
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(organ of Corti), in which the fibres of the cochlear nerve terminate. The periph- 
eral wall is formed by the thickened periosteum upon the peripheral wall of the coch- 
lear canal, while the third wall is formed by a thin vestibular membrane (mem- 
brane. of Reissner) which passes from the peripheral wall to the osseous lamina 
spiralis near its free margin, forming with the lamina spiralis an angle of 45 degrees. 
The cochlear duct and the osseous spiral lamina divide the cochlear spiral canal into 
two parts, one next to the basilar membrane, the scala tympani, and one next to 
the vestibular membrane, the scala vestibuli. The scala tympani unites with the 
scala vestibuli at the helicotrema, and from the scala tympani a minute canal, the ` 
perilymphatic duct, passes through the cochlear canaliculus and connects with the 
subarachnoid space. A thin fibrous layer, the secondary tympanic membrane, 
closes the cochlear fenestra (fenestra rotunda) and thus separates the scala tympani 
from the tympanie cavity, and the vestibular perilymphatie space (scala vestibuli) 
is separated from the tympanic cavity by the base of the stapes in the vestibular 
fenestra (fenestra ovalis). 


Vessels and nerves.—The internal auditory artery (p. 546, fig. 477), a branch of the basilar, 
accompanies the acoustic nerve. It supplies the vestibule, semicircular canals, and cochlea, and 
their membranous contents. The blood is returned by the internal auditory vein into the in- 
ferior petrosal sinus, and by small veins which pass through the cochlear and vestibular aqueducts 
to the inferior and superior petrosal sinuses. The acoustic nerve (p. 979, figs. 583 and 758) 
consists of a vestibular and a cochlear division. The membranous ampulle of the semicircular 
ducts and the acoustic macule of the utricle and saccule are supplied by the vestibular nerve. 
The spiral organ (organ of Corti) in the cochlear duct is supplied by the cochlear nerve. 

The development of the internal ear.—The internal ear is the essential organ of hearing, 
and appears at an early stage in the embryo as a depression of the ectoderm at the side of the head, 
above the dorsal end of the second branchial arch. The depression is lined by a thickened 
epithelium, and, sinking more deeply into the subjacent mesodermic tissue, is eventually con- 
stricted from the ectoderm to form a rounded sac, the otocyst, imbedded in the mesodermie 
tissue which will become the petrous portion of the temporal bone. From this simple ectodermie 
sac the entire membranous internal ear is formed, the so-called osseous internal ear being merely 
the bony walls of the cavity in which the otocyst lies, 


. 


THE TONGUE 


ORIGINALLY WRITTEN BY ARTHUR HrNsMAN, F.R.C.S.; REVISED ror SECOND AND THIRD 


EprrioNs By ARTHUR RoniNsON, M.D., F.R.C.S.; REVISED AND LARGELY REWRITTEN 
FOR FOURTH EDITION 


By ABRAM T. KERR, B.S., M.D. 


PROFESSOR OF ANATOMY IN THE CORNELL UNIVERSITY MEDICAL COLLEGE 


The tongue is a muscular organ covered with epithelium. It is highly sensitive 
and freely movable, and plays an important part in the mastication and deglutition 


Fia. 759.—DomsuM OF THE TONGUE. 
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oie ood, and is one of the organs of speech. Moreover, it is the principal seat of 
rgan of taste. It has the following parts: a superior surface, the dorsum, sepa- 
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rated in its anterior two-thirds from the inferior surface by the lateral margins 
and apex. A muscular body is attached posteriorly and inferiorly at the root. 

The dorsum (fig. 759) is marked in its anterior two-thirds by a slight longitudinal 
groove, the median sulcus, and just beyond the dorsal end of this there is usually a 
small blind pouch, the foramen caecum (Morgagni), which represents the superior end 
of the thyreo-glossal duct. Two slight grooves run ventrally and laterally from the 
foramen cecum, and together form a V-shaped groove, the terminal sulcus, which 
marks the point of union of the body of the tongue, derived from the tuberculum 
impar, and the root, derived from the anterior ends of the second and third branchial 
arches. It also marks a division of the dorsum into a ventral or oral portion and a 
dorsal or pharyngeal part. 

The mucous membrane covers the whole of the free surface of the tongue (fig. 
759). Dorsally, in the middle line, is the prominent median glosso-epiglottic 
fold, and on each side of this the more rounded lateral glosso-epiglottic folds, 
connecting the tongue and the epiglottis. Between the median and lateral fold on 
each side there is a shallow fossa, the epiglottic vallecula.  Laterally the mucous 


Fia. 760.—SUPERIOR SURFACE OF THE Tonaur. (Modified from Spalteholz.) 
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membrane of the dorsal portion is r ed over the tonsil and palatine arches, and 
ventrally it is reflected over the layo argins and apex to the inferior surface, from 
which it passes to the floor of outh and thence to the gums of the lower jaw. 
Upon the inferior surfac ne tongue, near the tip, is a median depression 
(fig. 760), from which a p efnt median fold of mucous membrane, the frenulum, 
stretches to the gums. ach side of the frenulum, and close to it, at about the 
junction of the inferior &gxface of the tongue and the floor of the mouth, is a rounded 
nodule, the subling^ caruncle, upon which the submaxillary duet opens. 
aterally from each caruncle is a long, rounded ridge, the sub- 


tween the 
mucous me 
folds and ¢he frenulum the ranine veins are seen beneath the mucous membrane. 
i of the tongue.—Over the oral portion of the dorsum of the tongue the 
us membrane is somewhat whitened by the thickening of the epithelium, 
produces the numerous lingual papilla (fig. 759). Four kinds can be dis- 
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tinguished. The filiform papilla are the smallest and most numerous, and are fili- 
form or conical in shape and thickly cover the ventral two-thirds of the dorsum and 
also the lateral margins and apex. They are arranged in faintly marked lines which 
are parallel posteriorly with the terminal suleus, but become more transverse towards 
the tip. They are best developed dorsally in the middle line, and those which are 
largest and longest are known as the conical papillae. The fungiform papilla are 
scattered irregularly among the preceding over the dorsum, lateral margins, and apex 
of the tongue, being most numerous in the two latter situations. The epithelium 
covering them is thinner than in the filiform papille, and they are, therefore, redder in 
eolour. Each consists of a comparatively narrow base supporting a broader, rounded, 
free extremity. Many on the margins are flattened or lens shaped, and are called 
lenticular papillae. The vallate (circumvallate) papilla, seven to twelve in num- 
ber, are the largest. They are arranged in a V-shaped line ventral to the terminal 
suleus and parallel with it. Each presents an attached base slightly narrower than 
the broad, flattened, free top, and is situated in a circular depressed fossa surrounded 
by a slight ridge, so that the top of the papilla and the ridge project but slightly above 
the surrounding surface. In the fossa one or more serous glands open. The foliate 
papilla are represented by six or seven vertical folds of mucous membrane separated 
by grooves. They are situated upon the lateral margin of the tongue just ventral 


Fra. 761.—TRANSVERSE SECTION THROUGH THE LEFT HALF or THE TONGUE. 
(Magnified.) 


(From a preparation by Mr. J. Pollard, Middlesex Hospital Museum.) 
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to the glosso-palatine arch, and are more ogJes*efidimentary in man, compared with 
their development in some of the lower : nals, 

The gustatory organ is formed by tNgfoscopic special end-organs of taste, the 
caliculi gustatoria or taste-buds, Qu besides being found upon the epiglottis 
and velum palatinum (soft palate) ocated on the vallate, fungiform, lenticular, 
and foliate papille, but are abse the filiform and conical. 

Beneath the mucous mera of the posterior third of the tongue abundant 
lymphoid tissue is collecte orm nodular masses of variable size, the lingual 
follicles, which are gr 'ozether under the name of the lingual tonsil. They 
extend from the termin gilcus to the epiglottis, and laterally as far as the palatine 
tonsils. The lingy ands which lie beneath the mucous membrane of the lingual 
tonsil are especial Ne indant near the foramen cecum and around the vallate and 
foliate papille. Qi eroup forms on each side of the frenulum, and just 

the tongue, an oval mass, the anterior lingual glands (glands 


medial to t QV 
of Nuhn Widin), which are partially covered by muscular fibres. 
Musc f the tongue.—A layer of fibrous connective tissue, the lingual sep- 
arates the halves of the tongue, extending in the median plane from the apex 
e, where it 1s attached to the hyoid bone. "The muscles of the tongue are 
as extrinsic and intrinsic. The extrinsic muscles are the hyo-glossus, 


THE TONGUE 


Fig. 762.—Lzrr SIDE or THE TONGUE, WITH ITS MUSCLES. 
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Fic. 763.—ScHEMATIC REPRESENTATION OF THE DISTRIBUTION OF SENSORY-NERVES IN 
THE Mucous MEMBRANE OF THE ToNGvE. (Areas of distributic rding to R. Zander.) 
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superior eonstrictor of the pharynx, all of which are described elsewhere (see pp. 
344, 1078, and 1085). 

The intrinsic muscles.—The longitudinalis superior (fig. 761) is a superficial 
longitudinal stratum extending from the base to the apex of the tongue, immediately 
beneath the mucosa of the dorsum, to which many of its fibres are attached. The 
longitudinalis inferior (fig. 761) is composed of two muscle-bands extending from 
base to apex on the inferior surface of the tongue, and is situated between the hyo- 
glossus and the genio-glossus, some of its fibres near the apef mixing with the stylo- 
glossus, while dorsally some are attached to the hyoid bone. The transversus 
linguæ (fig. 761) consists of fibres which pass transversely, and is situated between 
the superior and inferior longitudinal muscles. The fibres arise from, or pass through, 
the septum lingue, and are attached to the mucosa of the dorsum and lateral mar- 
gins of the tongue. The verticalis lingua (fig. 761) is composed of fibres which 
pass from the mucosa of the dorsum to the mucosa of the inferior surface of the 
tongue, interlacing with those of the other intrinsic and extrinsic muscles. 


Vessels and nerves.—The lingual arteries furnish the principal blood-supply (p. 520, fig. 
410). The lingual veins (p. 664) carry the blood from the tongue to the internal jugular. The 
Iymphatics from the ventral portion empty into the submaxillary lymph-nodes and from the pos- 
terior portion into the deep cervical nodes. The nerves are motor and sensory (fig. 763). ‘The 
hypoglossal nerve supplies the intrinsic and all the extrinsic muscles of the tongue except the 
glosso-palatinus (palato-glossus), which is supplied from the pharyngeal plexus (p. 984). The 
sensory nerves are:—the lingual nerve, a branch of the mandibular division of the fifth, which, 
after joining with the chorda tympani from the seventh, is distributed to the anterior two-thirds 
of the tongue (p. 969); the lingual branches of the glosso-pharyngeal, which are distributed 
to the pharyngeal third of the tongue, including the vallate papille (p. 981); and the superior 
laryngeal branch of the vagus, which supplies a small area near the epiglottis. 

The development of the tongue.—The tongue arises from two distinct origins, one of which 
is paired. The anterior unpaired portion appears as a thickening in the floor of the mouth op- 
posite the ventral ends of the first branchial arches, while the posterior paired portions are formed 
from a thickening over the ventral end of the second branchial arch of each side. The anterior 
portion is received posteriorly between the diverging limbs of the posterior portion, and a fusion 
of both portions occurs along a V-shaped line, situated immediately behind the line of the vallate 
papille, its apex being indicated by the foramen cecum. 
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The nose contains the organ of smell and serves also as one of the organs of respi- 
ration. It consists of the external nose, the nasal cavity, and the paranasal sinuses 
(accessory cavities). 

The external nose (fig. 764) is shaped like a triangular pyramid. At the fore- 


Fig. 764.—Tue LEFT Sipe or THE EXTERNAL NOSE, SHOWING ITS CARTILAGES, ETC. 
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head, between the eyes, is te n of the nose, and from this, extending inferiorly 
and ventrally, is à rounded ral border, the dorsum of the nose, which may be 
either straight, convex, Gyoncave, and which ends inferiorly at the apex or tip. 

The superior part of Srsum is known as the bridge. Inferiorly, overhanging 
the upper lip, is the f the nose, which presents two orifices, the nares or nostrils, 
separated from amother by the inferior movable part of the nasal septum. The 
sides of the ÔN pe from the dorsum laterally and dorsally, and inferiorly are 
expanded and Were convex, forming the alae nasi. Each of these is separated from 
the rest of {le lateral surface by a sulcus, and the inferior free border of each bounds 


a nar COS. y. 
iiNfhework of the external nose is formed partly of bone and partly of hyaline 


"Qu The bones, which form only the smaller superior part, are the two nasal 
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bones and the frontal processes and anterior nasal spines of the two maxillæ (pp. 76- 
80). 

The nasal cartilages.— There are five principal cartilages: superiorly, the two 
lateral nasal cartilages, inferiorly the two greater alar (lower lateral) cartilages, and 
the single median nasal septal cartilage. Besides these there are the lesser alar 
cartilages, the sesamoid cartilages, and the vomero-nasal cartilages of Jacobson. The 


Fie. 765.—VENTRAL VIEW OF THE EXTERNAL NOSE, SHOWING ITS CARTILAGES, ETC. 
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lateral nasal cartilages are triangular and nearly flat lateral expansions of the 
septal cartilage, placed one on each side of the nose just inferior to the nasal bone. 
Each presents an inner and an outer surface and three borders. The medial bor- 
der is continuous in its superior third with the ventro-superior&margin of the sep- 
tal cartilage, and through this with its fellow of the opposit aN but it is separated 
inferiorly from the septal cartilage by a narrow cleft. "utved dorso-lateral 


Fic. 766.—Inrerion VIEW OF THE EXTERNAL NOSE, «QN ns ITS CARTILAGES, ETC. 
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border i T attached by strong fibrous tissue to the nasal bone and frontal 
process S naxill "e and underlies these bones for a considerable distance, especially 
near t the We tum. The inferior border is connected by fibrous tissue to the greater 
alar eaNilage. The, greater alar (lower lateral) cartilages are situated one on each 
ay ne tip of the nose (figs. 764, 766). Each is thin, pliant, curved} and so folded 
forms a medial and a lateral crus, which bound and tend to hold open each naris. 

e medial crus is loosely attached to its fellow of the opposite side, the two being 
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situated inferior to the septal cartilage and forming the tip of the nose and the ventral 
part of the mobile septum. The /ateral crus joins the medial crus at the apex of 
the nose; it is somewhat oval in shape, and curves dorsally in the superior and ventral 
portion of the ala. It is connected posteriorly to the nasal margin of the maxilla 
by a dense mass of fibrous and fatty tissue, and helps to maintain the contour of 
this part of the nose. A variable number of small cartilages, lesser alar (sesamoid) 
cartilages, are found in this fibrous tissue of the ala, and the interval between each 
greater alar and lateral cartilage is more or less completely filled by one or more small 
plates, sesamoid cartilages (fig. 764). The septal cartilage (fig. 767) fits 
into the triangular interval of the bony septum. Its ventro-swperior border is 
attached to the dorsal border of the internasal suture. Inferior to the nasal bone it 
presents à shallow groove which gradually narrows towards the tip of the nose, and 
whose borders are continuous superiorly with the lateral nasal cartilages, but are 
separated from their inferior two-thirds by a narrow slit. The most inferior part 


Fig. 767.—MEDIAL WALL or THE NasAL Cavity, THE Mucous MEMBRANE BEING REMOVED. 
The dotted line indicates the course of the incisive (anterior palatine) canal. 
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The ventro-inferior border extends Sally from the rounded ventral angle to the 
anterior nasal spine. Inferiorlys«& We ttached to the medial crus of the greater alar 
cartilage and to the mobile nfa tum. The dorso-superior border is attached to 
the perpendicular plate of tg efhmoid, and the dorso-inferior border joins the vomer 
and the ventral part of the nasal crest of the maxilla, the cartilage broadening out 
to obtain a wide thou M attachment to the nasal spine. The shape of the septal 
cartilage varies with © tent of the ossification of the bony septum. Even in the 
adult a strip of car may extend for a varying distance dorso-superiorly between 
the vomer and WNDendicular plate of the ethmoid, sometimes reaching the body of 
the sphenoid AN being known as the sphenoidal process of the septal cartilage. The 
vomero-nagal Sartilage is a narrow strip of cartilage firmly attached to each side of 


of this border of the septal ep between the greater alar cartilages. 


the septa, tilage, where this joins the ventral portion of the vomer. 
The l5eptum is almost always straight in children and aboriginal skulls ; but 


in a Æge proportion of adults it is deflected to one side or the other. 
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Muscles.—The muscles are grouped as dilators and constrictors, the latter being 
comparatively feeble in their action. They are described on pp. 330 and 331. 

The skin covering the external nose is thin and freely movable upon the sub- 
jacent parts, except at the tip and over the cartilages, where it is much thicker, more 
adherent, and furnished with numerous large sebaceous glands. At the nares it is 
reflected into the nasal cavity as far asthe limen, where it joins the mucous membrane. 
The hairs on the skin of the nose are very fine, except in the nares, where they may 
be strongly developed, and are then known as vibrisse. 


Vessels and nerves.— The arteries of the external nose are derived from the external maxil- 
lary (facial) artery (pp. 523 and 524), the ophthalmie artery (p. 538), and the infra-orbital artery 
(p. 531). The veins terminate in the facial vein and the ophthalmic vein (p. 662). The 
lymphatics pass to the submaxillary lymphatic nodes (p. 708). The motor nerves are branches 
of the facial (p. 979). The sensory nerves are derived from the fifth through the frontal and 
naso-ciliary branches of the ophthalmic (p. 966) and infra-orbital branch of the maxillary (p. 968). 


The nasal cavity is composed of the two nasal fossa, the bony walls of which 
have already been described (pp. 101-104). The nasal fossa extend from the ventrai 


Fic. 786.—OBLIQUE SECTION PASSING THROUGH THE NasAL Fossa JUST IN FRONT OF THE 
CHOAN®. (Seen from behind.) 
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opening upon the face, the n » the dorsal communication with the pharynx, 
the choane or posterior n N Each fossa has a roof, a floor, a lateral and medial 
wall. N 
The medial wall 4%. ) separates the two fossæ. Its framework is formed by 
the vertical median n eptum, which is composed of the osseous septum superiorly, 
the cartilaginou Br intermediately, and of the membranous or mobile septum 
inferiorly. As glXgay noted, the septum is usually deflected to one side or the other. 
In the sept NN. each side, just superior to the nasal spines of the maxille, 
there is NN iy a minute opening leading superiorly and dorsally and ending 
in a b NS ed This cavity is closely related to the vomero-nasal cartilage 
and is NN imentary representative of the vomero-nasal organ (organ of Jacobson), 
which\in Some animals is well developed and receives a branch of the olfactory 
* Inferior and dorsal to its opening another small opening is often seen 
oe oor of the nasal fossa. This is the mouth of the incisive duct, which leads 


Qyio the incisive canal for a greater or less distance and may even extend to the 
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mouth, where its termination is marked by the incisive papilla. The incisive duct 
indicates the position of the passage which originally connected the mouth and nose. 

The lateral wall (fig. 769) presents just within the nares a slight depression, the 
vestibule. This corresponds to the expansion of the ala, and is marked off from the 
rest of the nasal fossa by a distinct ridge, the limen nasi. The area immediately 
superior and dorsal to the vestibule is separated into two shallow depressions by an 
oblique ridge, the agger nasi, the ventral depression being the sulcus olfactorius 
which leads to the olfactory region in the superior and dorsal part of the nasal fossa, 
while the area inferior and dorsal to the agger is the atrium of the middle meatus. 
This is bounded dorsally by the ventral vertical border of the middle nasal concha 
(middle turbinate bone), beneath which it is continued into the middle meatus. On 
the dorsal part of the lateral wall are the superior, middle, and inferior conche 
(turbinate bones), covering respectively the superior, middle, and inferior meat- 
uses. The superior concha is occasionally divided into two or three parts, and pos- 
terior and superior to it is a depression, the spheno-ethmoidal recess, which leads 
to the opening into the sphenoidal sinus. 

The superior meatus is the smallest of the three. It has but a single opening, 


* 


Fig. 769.—Tue Lerr WALL or THE NASAL CAVITY SHOWING THE CONCHA AND MEATUSES, 
WITH THE OPENINGS IN DOTTED OUTLINE. 
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which leads into the posterior ethmai Ql The spheno-palatine foramen, which 


communicates with the meatus. 3 Q» y skull, is entirely covered up by mucous 
membrane. N 

The middle meatus is agg hrger passage. Upon its lateral wall is a rounded 
eminence, the ethmoidal Nulla, Caused by the middle ethmoidal cells and perforated 
by the opening into them. “#ntral and inferior to this is a deep curved groove, the 
hiatus semilunaris,«jwQse is continued superiorly by the infundibulum into the 
frontal sinus. It al steives the openings of the anterior ethmoidal cells and the 
maxillary sinus m). Posterior to the semilunar hiatus an accessory opening 
into the maxillasmhus is often seen. 

The inf Neat is the longest of the three. Ventrally, just inferior to the 
attachmen b he inferior concha (turbinate bone), is the slit-like opening of the 
naso-la mal (nasal) duct, around the opening of which the mucous membrane 
forms », the plica lachrymalis (Hasneri). 

ommon meatus is the space between the nasal conche and the septum, 
tends from the floor to the roof of the nasal fossa. The dorsal portion of the 
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nasal fossa, situated between the dorsal extremities of the middle and inferior conch 
(turbinate bones) and the anterior lip of the pharyngeal orifice of the tuba auditiva 
(Eustachian tube), is known as the naso-pharyngeal meatus. 

The nasal mucous membrane (the pituitary or Schneiderian membrane).—The 
nasal cavity is completely lined with mucous membrane, which ventrally, at the 
limen, blends with the skin which lines this part of the vestibule (p. 1070). Dorsally 
it joins the mucous membrane of the pharynx and palate. It covers up some of 
the openings which are seen in the bony walls; those, however, which lead into the 
air-sinuses and into the naso-lachrymal duct remain patent, although the bony open- 
ings are much reduced in size. In the nasal cavity proper the bright rose-red vascu- 
lar mucous membrane is tightly bound to the periosteum and perichondrium, and 
is covered with a ciliated columnar epithelium. Numerous large mucous nasal 
glands pour their more or less watery secretion over the entire surface, and form 
in the submucous stratum a layer of considerable thickness. Here, also, a very con- 
siderable venous plexus is found, especially over the middle and inferior conch (tur- 


Fic. 770.—TRANSVERSE SECTION THROUGH THE Nasar Foss; AND MAXILLARY SINUS AT 
THE DORSAL EXTREMITY OF THE MippLE CoNcHa. (Ventral view.) 


Frontal sinuses | 


MIDDLE NASAL 
CONCHA 


NASAL SEPTUM 


RIGHT MAXILLARY 
SINUS 


INFERIOR NASAL 
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LS plexus of the conche. The thickness 
“Rises give to the mucous membrane causes the 
ww much contracted in the recent state, and in children 
a considerable amount of, 10id tissue is also found in the submucous layer. The 
region covered by thé mbus membrane just described forms the greater part of 
the nasal cavity, and iNa#own as the respiratory region. A small area of the mucous 
membrane over sh@wperior concha and the adjacent septal wall (fig. 772) has a some- 
what different scure. In this area the Olfactory nerves terminate, whence it is 
known ast (tory region, and its mucous membrane, compared with that of 
the respig egion, is less vascular, yellow or yellowish-brown in colour, and covered 
by à Wated epithelium. It contains specially modified cells, which form the 
true IN ory organ and receive the terminations of the olfactory nerve. Small 
mu olfactory glands occur in the region. The paranasal sinuses or accessory 

i63 which connect with the nasal cavity are: the maxillary sinuses (antra of 


binate bones), where it forms th 
which these glands and vengu 
air-spaces of the bony fossa 


ex more), the sphenoidal sinuses, the frontal sinuses, and the ethmoidal cells, 


d have been described in the section on OsrEoLoavy. The mucous membrane 
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which lines the paranasal sinuses throughout is a continuation of the nasal mucosa; it 
is, however, paler, less vascular, somewhat thinner, and more loosely attached to 
the bones. 


Vessels and nerves.—The arteries of each nasal fossa are the spheno-palatine artery from 
the internal maxillary (p. 532), the anterior and posterior ethmoidal arteries from the ophthalmic 


Fig. 771.—LaATERAL WALL OF THE NOSE, SHOWING ORIFICES OF ACCESSORY CAVITIES. (Deaver.) 
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(p* 537), and the descending palatine artery from the internal maxil 
plexuses of the mucous membrane are drained posteriorly by th 
pterygoid plexus, superiorly by the anterior and posterior ethmo 


. 531). The venous 
no-palatine to join the 
eins to join the superior 


ophthalmic vein, and anteriorly by small branches to join the fac&[’¥he lymphatics form a well- 
developed plexus which communicates, through the lymphati ounding the olfactory nerves, 


Fic. 772.—D1AGRAM OF THE DISTRIBUTION OF THE N@pv v THE NASAL Cavity. (Poirier and 


Charpy. 
The olfactory area is re nted by dots. 
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with the sub NS subarachnoid space within the cranial cavity.  Posteriorly two or more 
trunks communicate with the pharyngeal lymphatics, and anteriorly the nasal 
with the lymphatics of the face. The olfactory nerves pass through the cribri- 
formplat@f the ptiniead. bone and are distributed to the olfactory area (p. 959). The fifth 
fat erve furnishes the following branches to each nasal fossa:—branches from the naso-ciliary 
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(nasal) branch of the ophthalmie nerve; the Vidian nerve; the posterior superior and posterior 
inferior nasal and the anterior palatine from the spheno-palatine ganglion (p. 972); the anterior 
superior alveolar from the infra-orbital division of the maxillary nerve (p. 968). 

The development of the nose.—The nasal cavity makes its appearance as a depression of 
the ectoderm on either side of the median line, immediately in front of the oval fossa, with which 
the depressions are at first continuous. Later, by the union of the maxillary and globular proc- 
esses (see p. 1076), the depressions are separated from the anterior part of the oral fossa, and this 
separation is continued by the formation of the palatal processes of the maxille and palatine 
bones, so that finally the nasal cavities communicate posteriorly only with the pharynx. 

The cartilage which forms the lateral walls of the nasal fosse is at first quite smooth, but 
later it becomes eroded by absorption, whereby the nasal conche are formed. ‘The erosion also 
extends into the neighbouring bones, the frontal, sphenoidal, and maxillary sinuses, and the 
ethmoidal cells being formed in this manner, and being, accordingly, lined by mucous membrane 
continuous with that of the nasal cavities. 
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Abdomen, lateral cutaneous nerves of, 933 
Abdominal aortic plexus of nerves, 1015 
branches of tenth cranial nerve, 986 
Abducens, 778, 974 
nucleus of, 808 
Abduction of eye, 1037 
Aberrant spinal ganglia, 902 
Abnormal course of phrenic nerve, 919 
Accessory lemniscus of Bechterew, 865 
obturator nerve, 943 
olivary nuclei, 801 
(superior) portion of eleventh cranial nerve, 
986 
Acervulus cerebri, 825 
Acoustic (auditory) nerve, 778, 979, 1061 
nuclei of, 805 
meatus, external, 1051 
reflex path, optic, 772 
Action of ocular muscles, 1036 


. Adduction of eye, 1037 
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Adductor magnus, nerves to, 948 
Afferent nerve-fibres, 747 
splanchnic fibres, 906, 1001 
sympathetic fibres, 907 
Agger nasi, 1071 
Ala cinerea (trigonum vagi), 796 
nucleus of, 805 


Alæ nasi, 1067 


Alar (lower lateral) nasal cartilages, greater, 
1068 
lesser, 1069 


Alveolar (dental) nerves, 967 
inferior, 970 
superior, 967 
Alveus, 855 
of limbic lobe, 847 
Ampullæ, membranous, 1059 
Ampullar branches of vestibular ganglion, 980 
Ampullary crista, 1059 
sulcus, 1059 
Amygdala of cerebellum, 
Amygdaloid nucleus, 8: 58 
of lateral ventricle, 854 
Amyloid tubercle of lateral ventricle, 854 
Anastomotie branch of seventh deu 
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Ansa lenticularis, 858 
subclavia (ansa Vieussenii), 1006 
Anterior ascending ramus of fissure of Sylvius, 
856 
auricular branches of auriculo-temporal nerve, 
972 
branch of internal cutaneous nerve of thigh, 
940 
of last thoracic nerve, 933 
of lateral antibrachial cutaneous nerve, 
924 
of lateral cutaneous nerve, 938 
of medial antibrachial (internal) cutaneous 
nerve, 920 
of obturator nerve, 942 
of right phrenic nerve, 916 
of thoracie nerves, 905, 932 
of thoraco-abdominal nerves, 933 
bronchial (pulmonary) branches of tenth 
cranial nerve, 985 
central gyrus (ascending frontal convolution), 
837 
vein of spinal cord, 775 
ciliary arteries, 1032 
veins, 1032 
commissure of brain, 827, 850, 866 
cornu of lateral ventricle, 852 
(right) coronary plexus, © 
crural nerve, 9 38 
cuneo-lingual gyrus, 84! 
cutaneous thypogasty 
gastric nerve 
nerves of abdop 


of thigh, n Nand internal, 938 
am e, 969 
nal nerves, 936 


deep tempar 
a Whee, cornea (Bowman’s mem- 
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ando nérve, 966 
bNrfiches, 966 
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culus of spinal cord, 761, 771 
e tric plexus, 986 

nisphere of eyeball, 1024 
Cy horizontal ramus of fissure of Sylvius, 836 
incisure of auricle, 1049 
2 nerve, 928 
labial nerves, 937 
lamina of orbital fascia, 1039 
ligament of auricle (of ear), 1051 
lingual glands, 1064 
lymph spaces of eye, 1032 
marginal fascieulus (vestibulo-spinal tract, 
Loewenthal's tract), 771 

median fissure of spinal cord, 761 
medullary velum, 789, 793, 795 
nucleus of thalamus, 824, 860 
cesophageal plexus, 983 
orbital gyrus, 838 
palatine nerve, 973 
parolfactory sulcus, 845 
perforated substance, 777, 827, 845 
pillars (columns) of fornix, 849 
pole of eyeball, 1023 
portion of fourth ventricle, 794 


Ww of ilio-hypo- 


of mandibular nerve, 969 
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Anterior primary division of cervical nerves, 911 


of lumbar nerves, 935 
of sacral nerves, 944 
of spinal nerve-trunks, 904, 905, 910 
nerve-branches, 905 
of thoracie nerves, 931 
pulmonary plexus, 986 
pyramidal tract (direct), 771 
recess of interpeduncular fossa, 815 
root zone of posterior column, 768 
serotal nerves, 937 
semilunar fissure of cerebellum, 788 
lobe of cerebellum, 788 
spinal artery, 775 
superior alveolar (dental) nerve, 968 
supra-clavicular branches of cervical plexus, 
915 
thoracie nerve, external, 920 
internal, 920 
tibial nerve, 954 
tubercle of thalamus, 859 
white commissure of spinal cord, 762 
Antero-intermediate suleus of spinal cord, 761 
Antero-lateral group of central or ganglionic 
arteries of cerebrum, 879 
suleus of medulla oblongata, 783 
of spinal cord, 761 
Antero-mesial group of central or ganglionic 
arteries of cerebrum, 879 
Anthelix, 1049 
Antibrachial eutaneous branch (external), dor- 
sal, of radial nerve, 922 
nerve (internal), medial, 920 
lateral, 924 
Antitragie incisure, 1049 
Anti-tragicus, 1051 
Antitrago-helicine fissure, 1050 
Antitragus, 1049 
Aortic branches of thoracic ganglia, 1009 
Aortico-renal ganglion, 1015 
Apertures, lateral, of fourth ventricle, 795 
medial, of fourth ventricle, 795 
palpebral, 1019 
Apex of dorsal horn of spinal cord, 762 
of nose, 1067 
Apparatus, lachrymal, 1047 
Aquseductus cerebri (Sylvii), 794, 814 
Aqueous humor, 1030 
Arachnoid granulations (Pacchionian bodies), 
892 
membrane, 891 
cranial, 891 
spinal, 758, 893 
sheath of optic nerve, 1040 
Arbor vitæ of cerebellum, 791 
Arch, parieto-occipital, 841 
Ares, reflex, 767 Q 
Arcuate fibres of medulla oblongata, 8 
external, 784 
internal, 799 NO 
Aréa acustica, 797 NN 
auditory (cochlear), of ome rtex, 869 
of Broca (area parolfaetffria 
gustatory of cerebral cdytex 
olfactory, of cerebral cort®®, 869 
orbital, 830 + 
postrema of Retz 
somesthetic, of ker br: al cortex, 868 
surface, of,tq Shalon, 833 
tentoria XN 
vesical WN bral cortex, 868 
Areas, cut&geous, of face, 989 
wer extremity, 995 
ck, 991 
pina, 991 
scalp, 989 
. of trunk, 991 
of upper limb, 994 
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Areas of distribution of spinal nerves, 907 
functional, of cerebral cortex, 868 
Arm, nerves of, 920 
Arnold's bundle, 814, 866 
ganglion, 974 
nerve, 984 
Arrangement of orbital contents, 1033 
Arteria centralis retinze, 1031 
chorioidea, 879 
Arteries, anterior ciliary, 1032 
of auricle (of ear), 1051 
of brain, 879 
central or ganglionic, 879 
of cerebellum, 880 
of cerebral peduncles, 880 
cortical cerebral, 880 
of external acoustic (auditory) meatus, 105: 
external striate, 879 
of eyeball, 1023 
of internal ear, 1061 
internal striate, 879 
lingual, 1066 
long posterior ciliary, 1031 
meningeal, 890 
of mesencephalon, 880 
of nose, 1070, 1073 
of orbit, 1042 
peduncular, 880 
of pons, 880 
posterior spinal, 775 
of quadrigeminate bodies, 880 
short posterior ciliary, 1031 
of tympanic cavity, 1056 
Artery, anterior spinal, 775 
of cerebral hemorrhage (Charcot), 880 
infraorbital, 1042 
ophthalmic, 1042 
Articular branches of common peroneal (exter- 
nal popliteal) nerve, 952 
of deep peroneal (anterior tibial) nerve, 954 
of lateral plantar nerve, 952 
of medial plantaraekve, 950 
of obturator nep X&, FR, 943 
of tibial (integ pliteal) nerve, 949 
nerve, recurrer eg, Ee 
Articularis ge 
Articulation: 
ideis Gu ches of cervical plexus, 912 
of JQ! )-palatine (Meckel’s) ganglion, 973 
kN erior cervical ganglion of sympa- 


tie, 1005 
c b&lar pathway, terminal, 864 
Sntal convolution, 837 


parietal gyrus, 840 
projection fibres of telencephalon, 864 
ramus of fissure of Sylvius, anterior, 836 
Associate axones of white substance of spinal 
cord, 766 
Association centres of cerebral cortex, 869 
fibres of white substance of spinal cord, 766 
system, cingulum (girdle), 867 
fibree proprize, 867 
of hemisphere, 866 
uncinate fasciculus, 867 
inferior longitudinal fasciculus, 867 
longitudinal striæ of corpus callosum, 867 
occipito-frontal fasciculus, 868 
olfactory tract, 868 
strie terminalis of thalamus, 868 
superior longitudinal fasciculus, 867 
Associational proper axones, 763 
Atrial plexus, 1013 
Atrium of middle nasal meatus, 1071 
Attachments of spinal dura mater, 882 
of spinal nerves, 901 
topography of, 903 
Attic of middle ear, 1053 
Auditory (c dense area of central cortex, 869 
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Auditory conduction paths, 874 
organ, 1049 
pathway, termination of, 864 
Auerbach, plexus of, 1016 
Auricle of ear, 1049 
blood-vessels, 1051 
lymphatics, 1051 
nerves, 1051 
structure, 1050 
variations, 1051 | 
Auricular branches, anterior, of auriculo-tem- | 
poral nerve, 972 | 
of great auricular nerve, 914 
of small occipital nerve, 913 
of tenth nerve, 984 
cartilage, 1050 
nerve, great, 913 
posterior, 977 
sulcus, posterior, 1050 
tubercle (tubercle of Darwin), 1050 
Auriculo-temporal nerve, 971 
branches, 971 
communications, 971 
course, 971 
Axes of rotation of eye, 1036 
Axillary (circumflex) nerve, 921 
branches, 921 
course, 921 
origin, 921 
Axis of nervous system, 747 
sagittal, of eyeball, 1023 
Axones, 750 
of anterior marginal fasciculus, 771 
associate, of white substance of spinal cord, | 
766 
associational proper, 763 
branches of, 750 
of cerebellar cortex, 791 
commissural, 763 
of intermediate fasciculus, 771 
medullated, 750 
non-medullated, 751 
of spinal cord, 763 
of trigeminus nerve, 810 
of white substance of spinal cord, 766 


B 
Baillarger, stripes of, 856 
Bands, furrowed, of uvula of vermis, 790 
Basal ganglia, 856 
(vitreous) lamina of chorioid, 1026 
surface of cerebral hemisphere, 830 
of diencephalon, 823 
Base of encephalon, 777 
of nose, 1067 
Basilar part of pons, 810 
sulcus of pons, 787 
Basis (pes) pedunculi, 821 
Bechterew’s accessory lemniscus, 865 
bundle, 770 
nucleus of vestibular nerve, 805 
Bell, external respiratory nerve 
Biceps (thigh), nerves to, 948 
Biventral lobe of ECA 
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Blandin, glands of, 1064 
Blood-supply of arachn 
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Blood-vessels of mesencephalon, 880 
of orbit, 1042 
of pons, 880 
retinal, 1031 
Bochdalek, ganglion of, 968 
Bodies, geniculate, 814, 823, 825 
mammillary, 777 
Nissl, 751 
Pacchionian, 892 
superior quadrigeminate, 821 
Body, ciliary, 1026 
of corpus callosum, 831, 866 
of fornix, 848 
inferior quadrigeminate, 819 
(central portion) of lateral ventricles, 852 
of Luys, 861 
pineal, 779, 814, 825 
pituitary, 828 
restiform, 778, 784 
of medulla oblongata, 793 
in pons, 811 
superior quadrigeminate, 807 
Bones of middle ear, 1054 
Borders, infero-lateral, of cerebrum, 830 
internal occipital, 830 
internal orbital, 830 
of septal nasal cartilage, 1069 
superciliary, 830 
supramesial, of cerebral hemisphere, 830 
Bowman’s membrane, 1026 
Brachia conjunctiva (superior cerebellar pedun- 
cles), 812, 821 
Brachial (internal) cutaneous branch, posterior, 
of radial nerve, 922 
cutaneous nerve, lateral, 921 
medial, 920 
plexus, 905, 917 
branches, 919 
cords of, 917 
nerves forming, 917 
portions of, 919 
relations of, 918 
situation of, 917 
terminal branches 
Brachium conjunctiv 
inferior, 814, 819 
pontis, 786, 79; 
superior, 81 
Brain (encep} 


anterior rt} 
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d-supply of, 879 
x surface of, 776 

rolutions of, 777 
'Orpora quadrigemina, 779 
corpus callosum of, 777 
cranial nerves of, 777 
development of, 753 
divisions of, 779 
dura mater of, 885 
eighth cranial nerve, 778, 979 
eleventh cranial nerve, 778, 986 
fifth cranial nerve, 778, 963 
first cranial nerve, 777, 959 
fissures of, 777 
foramen of Magendie, 779 
fore, 823 
fourth cranial nerve, 777, 962 
fourth ventricle, 779 
general topography of, 776 
great longitudinal fissure of, 
gyri cerebri, 777 
hind, 787 
hypophysis, 777 
inferior cerebellar peduncle, 778 
infundibulum, 777, 828 
interpeduncular fossa of, 777 
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rated substance of, 777 


-= 


776 


1078 


Brain, island of Reil, 777 

lateral cerebral fissure (fissure of Sylvius), 777 

lateral ventricles of, 851 

lobes of, 777 

mammillary bodies (corpora albicantia) of, 
777, 823 

medulla oblongata, 778, 782 

mid, 814 

nerve-supply of blood-vessels of, 882 

ninth cranial nerve, 778, 980 

oculomotor nerves, 777, 961 

olfactory lobe, 844 
nerves, 777, 959 

optic nerves, 777, 959 

peduncles of cerebrum, 777 

pineal body, 779 

pituitary body, 828 

poles of, 776 

pons Varolii, 777 

posterior perforated substance, 777 

relations of, to walls of cranial cavity, 876 

restiform body, 778 

rhombencephalon, 782 

sand, 825 

second cranial nerve, 777, 959 

seventh cranial nerve, 778, 975 

sixth cranial nerve, 778, 974 

specific gravity of, 778 

sulci of, 777 

surfaces of, 776 

tenth cranial nerve, 778, 982 

trochlear nerves, 777, 962 

tuber cinereum, 777 

twelfth cranial nerve, 779, 987 

veins of, 879 : 

velum interpositum, 779 

ventral suface of, 815 

weight of, 776 

Branches of anterior division of obturatornerve, 

942 

of anterior ethmoidal nerve, 966 

of anterior primary divisions of spinal nerve- 
trunks, 905 

ascending, of cervical plexus, 912 

of auriculo-temporal nerve, 971 

of axillary (circumflex) nerve, 921 

of axones, 750 

of cardiac plexus of nerves, 1013 

of cavernous plexus of nerves, 1005 

of cervico-facial nerve, 978 

of chorda tympani, 977 

of ciliary ganglion, 972 

of eceliac plexus, 1015 

of common peroneal (external popliteal) 
nerve, 952 

deep, of cervical plexus, 915 
peroneal (anterior tibial) nerve, 954 
radial (posterior interosseous) nery Sy 


terminal, of femoral (anterigr ral) 
nerve, 941 
descending, of cervical plexus} 
cutaneous 


of dorsal antibrachial (ext 
nerve, 922 O 
of eleventh cranial nerv, 9% 
of femoral (anterior crur®fnerve, 938 
of fifth cranial nervé @rigeminal nerve), 964 
of first thoracic y NC 031 
of fissure of SO) 835 
of frontal pep N 964 
of genit NN? (genito-crural) nerve, 95! 
of gre: NN ar nerve, 914 
of io NS astric nerve, 936 
ingüinal nerve, 937 
wXior alveolar (dental) nerve, 971 
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Branches of infra-orbital nerve, 968 


of infratrochlear nerve, 966 ° 
of internal cutaneous nerve of thigh, 939 
of lachrymal nerve, 965 
of last thoracic nerve, 933 
of lateral antibrachial cutaneous nerve, 924 
cutaneous nerve, 938 
plantar nerve, 952 
of lingual nerve, 970 
of long thoracic nerve (external respiratory 
nerve of Bell), 919 
of lumbar plexus, 936 
of lumbar portion of sympathetie system, 
1010 
of mandibular nerve, 969 
of maxillary nerve, 967 
of medial antibrachial (internal) cutaneous 
nerve, 920 
of medial plantar nerve, 949 
of median nerve, 928 
of mental nerve, 971 
of middle cervical ganglion of sympathetic, 
1007 
of middle cutaneous nerve of thigh, 939 
of musculo-cutaneous nerve, 924 
of naso-ciliary (nasal) nerve, 966 
of obturator nerve, 942 
of ophthalmic nerve, 964 
of otic (Arnold’s) ganglion, 974 
of perineal nerve, 956 
of petrous ganglion, 981 
of phrenic nerve, 916 
of posterior auricular nerve, 977 
division of obturator nerve, 942 
femoral cutaneous (small sciatic) nerve, 
947 
primary divisions of lumbar nerves, 909 
of sacral nerves, 910 
of second cervical nerve, 908 
of spinal nerve-trunks, 905 
of third, fourth, and fifth cervical 
nerves, 908 
of thoraci 
of radial (muscul 
of recurrent (i 
geal) nerve 
of sacral pes? 945 
portic sympathetic system, 1010 


of san s nerve, 941 
of seio nerve, 948 
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W nerve, 922 
or recurrent laryn- 
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Qi intercostal nerve, 931 
(ot y Wenth (facial) nerve, 976 


xth cranial nerve (abducens), 975 
of small occipital nerve, 913 
of spheno-palatine (Meckel’s) ganglion, 973 
of submaxillary ganglion, 974 
of superficial cervical cutaneous nerve, 915 
cervical plexus, 912 
peroneal (musculo-cutaneous) nerve, 954 
radial (radial) nerve, 924 
of superior cervical ganglion, 1006 
dental plexus, 968 
gluteal nerve, 946 
laryngeal nerve, 985 
of supra-clavicular portion of brachial plexus, 
919 
of cervical plexus, 915 
of suprascapular nerve, 919 
of sural (external or short saphenous) nerve, 
953 
of tenth nerve (vagus or pneumogastric), 982 
terminal, of brachial plexus, 921 
of third pair of cranial nerves (oculo-motor 
nerves), 962 
of thoracic intercostal nerves, 932 
nerves, 931 
portion of sympathetic system, 1009 
of thoraco-abdominal nerves, 933 
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Branches of tibial nerve, 948, 949 
transverse, of cervical plexus, 914 
of twelfth eranial nerve (hypoglossus), 988 
from tympanic plexus, 981 
ulnar nerve, 926 
vestibular ganglion, 980 
visceral, of spinal nerves, 910 
Broca/s area, 777, 845 
convolution, 838 
Bronchial (pulmonary) branches of tenth cra- 
nial nerve, 985 
Bruch, membrane of, 1026 
Buccal branches of cervico-facial nerve, 979 
nerve, long, 969 
Buccinator (long buccal) nerve, 969 
Bulla, ethmoidal, 1071 
Bulb of posterior cornu of lateral ventricle, 854 
olfactory, 777, 844 
Bulbar plexus, 1013 
Bundle, Arnold’s, 814 
commissural, 772 
Helweg’s (Bechterew’s), 770 
posterior longitudinal, 800 
'Türk's, 866 
of Vieq d’Azyr, 849 
Burdach’s column of spinal cord, 767 
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Cacuminis of cerebellum, 789 
Cæcum, cupular, 1060 
vestibular, 1060 
Calamus scriptorius, 779, 784, 796 
Calcaneal branches, lateral, of sural nerve, 953 
nerves, medial, 949 
Calcaneo-plantar cutaneous nerves, 949 
Calear avis (hippocampus minor), 843, 847, 854 
Calearine fissure, 843 
Caliculi gustatoria, 1064 
Calloso-marginal fissure, 837, 838 
Canal, central, of medulla oblongata, 802 
of spinal cord, 762 
of Cloquet, 1030 
hyaloid, 1030 
lachrymal, 1048 
of Petit, 1029 
of Schlemm, 1025 
Canaliculi, lachrymal, 1047 
Canals, semicircular, 1057 
Canthus, inner, 1019 
outer, 1019 
Capsule, external (telencephalon), 858, 864 
internal (telencephalon), 832, 856, 863 
Tenon’s, 1041 
Caput of dorsal horn of spinal cord, 762 
Cardiac branches of tenth nerve (vagus or pneu- 
mogastric), 985 
ganglion (ganglion of Wrisberg), 1013 
nerve, inferior, 1007 
middle, 1007 
superior cervical, 1006 
plexus of nerves, 1013 
branches, 1013 
embryonal, 1013 
situation, 1013 
Carotico-tympanie branchgs 
plexus, 981 * 
Carotid nerves, externg 
internal, 1005 
plexus of nervas,«fo 
externa 


intern: 
(anterior) B^ f tympanic cavity, 1054 
Cartilage, aMrieular, 1050 
wl 045 


Vhmer "nasal, 1069 
Caftilyeinous nasal septum, 1069 


from tympanic 


non, 1006 
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Cartilaginous portion of external acoustic 
(auditory) meatus, 1051 
of tuba auditiva, 1057 
Caruncle, lachrymal, 1020, 1022 
sublingual, 1063 
Cauda equina, 758, 903 
helicis, 1050 
Caudate nucleus, 855, 857 
Cavernous nerves of clitoris, 1018 
of penis, 1018 
plexus of nasal conche, 1072 
of nerves, 1005 
Caves, Meckel’s, 889 
Cavity, epidural, 883 
nasal, 1070 
of orbit, 1033 
septum pellucidum, 850 
sub-arachnoid, 882 
subdural, 882, 885, 887, 891 
tympanic, 1053 
Cavum conchz, 1049 
Cell-bodies of ventral horn of spinal cord, 763 
Cell-element of nervous system, 749 
Cellifugal processes of neurone, 750 
Cellipetal processes of neurone, 750 
Cells, ependymal, 753 
of Golgi, in cerebellum, 792 
of Purkinje, 971 
Central (ganglionic) arteries of cerebrum, 879 
medulla oblongata, 881 
canal of medulla oblongata, 802 
of spinal cord, 762 
connections of cranial nerves, 803 
eleventh cranial nerve, 987 
fifth cranial (trigeminal) nerve, 964 
fourth pair of cranial nerves (trochlear 
nerves), 963 
ninth nerve (glosso-pharyngeal), 982 
olfactory nerves, 959 
optic nerve, 961 
seventh (facial) nerve, 979 
sixth nerve, 975 
tenth cranial nerve, 9 
third pair of crani 
nerves), 962 
twelfth cranial lossus) nerve, 989 
vestibular gapnfo?» 805, 806, 980 


connective tigs eyelids, 1045 
iino Rite of medulla oblongata, 802 


: (oculo-motor 


substap Spinal cord, 762 
grey sul ta ce of mesencephalon, 816 
gyr 


s Werior (ascending frontal convolu- 
J), 337 


3 
erior (ascending parietal), 840 
or insula, 836 
ule of cerebellum, 789 
nervous system, 749, 756 
portion of lateral ventricles, 852 
suleus (fissure of Rolando), 836, 837, 839 
angle of, 839 
in foetus, 840 
inferior genu, 840 
superior genu, 839 
veins of spinal cord, 775 
Centres, association, of cerebral cortex, 869 
Centrum semiovale, 862 
Cephalic flexure of neural tube, 779 
portion of sympathetic system, 1003 
Cephalo-auricular angle, 1050 
Cerebellar arteries, 880 
cortex, 791 
peduncle, inferior, 778 
superior, 812 
tract, direct, of Flechsig, 770 
Cerebello-olivary fibres, 801 
Cerebello-spinal fasciculus 
tract of Flechsig), 770 
neurone system, 766 


(direct cerebellar 
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Cerebellum (hind brain), 787 
anterior medullary velum of, 789 
arbor vite of, 791 
axones of, 791 
biventral lobe, 790 
blood-vessels of, 880 
cells of Purkinje, 791 
central lobule of, 789 - 
climbing fibres of cortex, 792 
clivus, 789 
cortex of, 787, 791 
culmen of, 789 
dentate nucleus of, 792 
development of, 787 
dorsal surface of, 788 
fissures, 788 
flocculus, 790 

peduncle of, 790 
secondary, 790 
folia of, 787 
folium vermis (cacuminis), 789 
fourth ventricle, anatomy of, 794 
Golgi cells in, 792 
granular layer of cortex, 791 
gross divisions of, 787 
hemisphere of, 787 
incisura marsupialis, 788 
inferior vermis, 790 
internal structure of, 791 
laminz of, 787 
length of, 787 
lingula of, 789 
lobes and lobules, 788 
lobuli graciles, 789 
median lobe, 788 
medullary body of, 787 
laminz of, 791 
monticulus, 788 
moss fibres of cortex, 792 
nodule of inferior vermis, 791 
notch of, 787 
nuclei of, 787, 792 
nucleus emboliformis, 792 
fastigii (roof nucleus), 792 
globosus of, 792 
parapyramidal fissure of, 790 
peduncles of, 792 
posterior medullary velum, 790 
post-nodular fissure of, 791 
post-pyramidal fissure of, 790 
prepyramidal fissure of, 790 
pyramid of vermis, 790 
red nucleus of, 793 
retrotonsillar fissure of, 790 
semilunar lobes, 788 
stellate cells, 791 
sulci of, 787 
superior vermis of, 788 
surfaces of, 788 
tentorium of, 787 
tonsil (amygdala) of, 790 
tuber vermis, 790 
uvula of vermis, 790 
uvular lobe, 791 
vallecula of, 790 


veins of, 880 
vermis of, 779, TED 
weight of, 787 O 


Cerebral arteries 
commissur eer 


es 5 
NM centres of, 869 


cogni ammonis, 856 
rihution, 85 56 
tional areas of, 868 
gustatory area, 869 
olfactory area of, 869 
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Cerebral cortex, somesthetic area of, 868 
stripes of Baillarger, 856 
structure of, 856 
tangential layer of fibres, 856 
visual area of, 868 
hemispheres, 830 
corpus striatum, 832 
cortex of, 832 
develop nent 753 
gyri of, 832 
internal capsule of, 8 
lateral ventricle, Mo 
pallium, 832 
chinenesphalon: 832 
hemorrhage, artery of (Charcot), 880 
path for cranial nerves exclusive of those of 
special sense, 871 
peduncles (crura), 814, 815 
arteries of, 880 
vein, single, 897 
Cerebro-spinal fasciculus, lateral, 769 
ventral, 771 
fluid, 885, 894 
in lateral ventricles, 851 
nerves, 747, 901 
neurone system, 766 
path, 869 
system, 899 
Cerebrum, 814 
alveus of limbic lobe, 847, 855 
amygdaloid nucleus (nucleus amygdale), 858 
angular gyrus, 842 
ansa lenticularis, 858 
anterior central gyrus (ascending frontal con- 
volution), 837 
commissure, 827, 850, 866 
perforated substance, 827, 845 
association system of hemisphere, 866 
basal ganglia, 856 
basis (pes) pedunculi, 821 
blood-supply of, 879 
brachia conjunctiva, 82 
brachii, 814 


Broca’s ug 

alcar avis (hipp, »us minor), 843 
calcarine fissug (25 

'audate nucle 


SN855, 857 


a, 836 
of Rolando), 836, 837, 839 
semiovale, 862 
plexus of lateral ventricle, 853 
rum, 855 
:Oollateral fissure, 835, 843 
commissura habenularum, 861 
commissural system of fibres of telencepha- 
lon, 866 
connections of nuclei of corpus striatum, 857 
convolutions of, 832 
corona radiata, 863 
corpora mammillaria (albicantia), 777, 823 
quadrigemina, 814 
corpus mammillare of limbic lobe, 849 
callosum, 831, 866 | 
striatum, 832, 856 | 
cortex, 832 
cuneus, 843 
deep lateral fissure (fissure of Sylvius), 830 
diencephalon, 823 
dorsal surface of, 814 
' epiphysis (pineal body, conarium), 814, 825 
epithalamus, 823, 825 
external capsule, 858, 864 
external features, 814 
fasciculus retroflexus (Meynerti), 861 
fibres of white substance of telencephalon, 862 
fifth ventricle (cavity of septum pellucidum), 
850 
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Cerebrum, fimbria, 855 


fissura serotina, 845 
fissures of, 832, 833 
forceps major, 854, 866 
forceps minor, 866 
fornix of limbie lobe, 847 
fountain deeussation (Forel), 822 
frenulum veli, 815 
frontal lobe, 837 
fusiform gyrus (occipito-temporal convolu- 
tion), 835, 843 
geniculate bodies, 814, 825 
Gudden’s commissure (inferior cerebral com- 
missure), 822, 830 
gyri, 832 
gyrus cinguli (cingulum), 846 
fornicatus, 846 
longus, 837 
rectus, 838 
transitivus (deep annectant gyrus), 843 
habenule, 826 
habenular commissure, 826 
nucleus, 861 
trigone, 815 
hemispheres of, 830 
hippocampal commissure, 848, 866 
digitations, 855 
hippocampus, 847 
major, 847, 855 
minor (calcar avis), 847, 854 
hypophysis, 827, 828 
hypothalamic nucleus (body of Luys), 861 
sulcus (sulcus of Monro), 826 
hypothalamus, 859 
inferior frontal gyrus, 838 
frontal sulcus, 838 
parietal lobule, 841 
quadrigeminate body, 819 
temporal gyrus, 835 
infero-lateral border, 830 
infundibular recess, 827 
infundibulum, 777, 828 
internal capsule, 832, 856, 863 
occipital border, 830 
orbital border, 830 
structure of, 816 
interparietal suleus (intraparietal), 840 
interpeduneular fossa of, 815 
ganglion, 861 
intraventricular foramina (Monroi), 826, 851, 
852 
lamina terminalis, 827 
lateral fissure (fissure of Sylvius), 835 
lemniscus, 820 
occipital sulcus, 843 
olfactory gyrus, 844 
ventricles, 832, 851 
lemniscus, 819 
lenticular nucleus (nucleus lentiformis), 


857 
limbic lobe, 844, 845 No 
lingual gyrus, 835, 843 NN 
lobes of telencephalon, 833 O 
longitudinal fissure of, 830 
marginal gyrus, 838 
massa intermedia, 824 
medial lemniscus, 820 
longitudinal fasci ON 822 
olfactory gyrus 
mesencephalon, @1 
metathalan NN iculate bodies), 823, 825 
middle frot N Syrus, 837 
sule 
temRo 


IS, à ^ 
l gyrus, 834 
835 
uc f€dinger and Westphal, 818 
atefal lemniscus, 820 
esencephalic root of trigeminus, 816 
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Cerebrum, nucleus of superior colliculus, 821 


trochlear nerve, 817 
occipital gyri, 843 
lobe, 842 
oculomotor (third) nerve, 818 
sulcus, 816 
olfactory bulb, 844 
lobe, 844 
stri, 844 
tract, 844 
trigone, 844 
ventricle, 845 
opercula of temporal lobe, 834, 836 
optic chiasma (optic commissure), 826, 
828 
nerve, 828 
recess, 827 
tracts, 829 
optic-acoustic reflex path, 822 
orbital area, 830 
gyri of frontal lobe, 838 
pallium of, 832 
paracentral lobule, 842 
parietal lobe, 840 
parieto-occipital arch, 841 
fissure, 843 
parolfactory area (Broca’s area), 845 
sulci, 845 
peduncles of, 815 
pedunculo-mammillary fasciculus, 849 
pes hippocampi, 855 
postcentral sulcus, 840 
posterior central gyrus (ascending parietal), 
840 
commissure, 815 
perforated substance, 815 
post-parietal gyrus, 842 
preecuneus, 842 
precentral sulcus, 837 
preoccipital notch, 840 
prosencephalon, 823 
pulvinar of thalamus, 824 
red nuclei, 821 


rhinencephalon, 832, RA 

septum AEE VA. 

stratum album py um, 822 
cinereum, 82. 
opticum (Si album medium), 822 
zonale, , 824 


stria ter JY (tenia semicircularis), 824 
str lares, 825 


cortex of, 856 
bal gyrus (peduncle of corpus callo- 
, 845 
marginal gyrus, 838 
ibstantia nigra of, 816, 821 
sulci of, 832, 833 
sulci breves, 837 
suleus einguli (calloso-marginal fissure), 837, 
838 
superciliary border, 830 
superior frontal gyrus, 837 
frontal sulcus, 837 
parietal lobule (gyrus), 841 
quadrigeminate bodies, 821 
temporal sulcus, 834 
supramarginal gyrus, 841 
suprapineal recess, 826 
surface area of telencephalon, 833 
Sylvian fossa, 834 
teenia chorioidea, 824 
fimbriz, 855 
pontis, 816 
telencephalon, 826 
temporal lobe, 834 
tentorial area of, 830 
thalamencephalon, 823 
thalami, 823, 824, 859 
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Cerebrum, thalamo-mammillary fasciculus 
(bundle of Vieq d’Azyr), 849 
third ventricle of, 826 
transverse fissure, 830 
occipital sulcus, 841 
tuber cinereum, 827 
veins of, 879 
velum interpositum, 826 
ventral surface of, 815 
Verga’s ventricle, 848 
Cerumen, 1052 
Ceruminous glands, 1052 
Cervical cardiac branches of tenth cranial nerve, 
985 
nerves, 985 
cutaneous nerve, superficial, 914 
enlargement of spinal cord, 758 
flexure of neural tube, 779 
ganglion of sympathetic, inferior, 1007 
middle, 1006 
superior, 1005 . 
nerves, 907, 911 
anterior primary divisions, 911 
entering into brachial plexus, 917 
fifth, 908 
first, 907 
fourth, 908 
second, 908 
third, 908 
transverse, 914 
plexus, 905, 911 
ascending branches of, 912 
deep branches of, 915 
descending branches of, 915 
posterior, of Cruveilhier, 908 
superficial branches of, 912 
supra-clavicular branches of, 915 
transverse branch, 914 
portion of spinal cord, 758 
of sympathetic system, 1003, 1005 
construction of, 1007 
Cervico-facial nerve, 978 
Cervix of dorsal horn of spinal cord, 762 
Chambers of eye, 1030 
Characteristics of cranial nerves, 958 
Charcot’s artery of cerebral hemorrhage, 880 
Check ligaments of eyeball, 1040 
Chiasma, optic, 777, 826, 827 
Choanz, 1070 
Chorda tympani nerve, 977 
branches, 977 
course, 977 
origin, 977 
Chorio-capillaris, 1022 
Chorioid, 1026 
plexus of fourth ventricle, 795, 896 
plexus (lateral ventricle), 853, 854, 898 
plexuses of third ventricle, 898 
Chorioidal arteries of medulla oblongata 


fissure, 847, 1033 
lamina, epithelial, 853, 898 Se 
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Ciliary arteries, anterior, 1032 
long posterior, 1031 
short posterior, 1031 

body, 1026 

ganglion, 972, 1044 
branches, 972 œ 
long root of, 966 
roots, 972 N 
short root U 

muscle, 10; 


nerves of NN , 1030 


long, 9 


short$972; 1044 
NC 1026 
ve 032 
one*1022 

lum, 846, 867 
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Circular fibrous layer of tympanic membrane, 
1053 
sulcus (limiting sulcus of Reil), 836 
Circulus arteriosus major, 1032 
minor, 1032 
tonsillaris, 981 
Circumflex nerve, 921 
Circumvallate papille of tongue, 1064 
Cisterna basalis, 892 
cerebello-medullaris (cisterna magna), 779, 
892 
chiasmatis, 892 
interpeduncularis, 892 
pontis, 892 
superior, 892 
Clarke’s column of spinal cord, 762, 770 
Classes of nerve plexuses, 935 
Claustrum, 858 
Clava, 785, 799 
Climbing fibres of cerebellar cortex, 792 
Clitoris, cavernous nerves of, 1018 
dorsal nerve of, 957 
Clivus of cerebellum, 789 
Cloquet, canal of, 1030 
Clunial (gluteal) branches, inferior, of posterior 
femoral cutaneous nerve, 946 
nerve, inferior medial, 946 
middle, 910 
superior, 910 
Coats of the eye, 1025 
Coccygeal ganglion, 1010 
ligament, 884 
nerves, 910 
posterior primary division of, 910 
rudimentary, 901 
perforating nerve, greater, of Eisler, 946 
plexus, 957 
Cochlea, 1057 
spiral ganglion of, 806, 980 
Cochlear area of cerebral cortex, 869 
fenestra, 1054 
division of eighth nerve X. or auditory), 
980 


duct eer , or scala media), 
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nerve, 806 Q 
nuclei of, 806 
Coeliac branche& o&tenth cranial nerve, 986 
(semilu ecy glia, 1014 
plexus res, 1013 


saviches, 1015 
glia, 1014 
sMuation, 1014 


olera] branches of femoral nerve, 938 
of sacral plexus, 945 
minence, 847 
fissure, 835, 843 
nerve, ulnar, 922 
trigone of lateral ventricle, 854 
Collaterals of axones, 750 
Collieuli, 814 
superior, 779, 821 
Colliculus facialis, 797 
nucleus of inferior, 819 
Coloboma, 1033 
Column, Clarke’s, of spinal cord, 762 
Columna anterior of spinal cord, 762, 771 
lateralis of spinal cord, 763 
posterior of spinal cord, 762 
Columns, anterior, of fornix, 849 
Comma-shaped fasciculus, 767 
Commissura habenularum, 861 
Commissural axones, 763 
bundle, 772 
fibres of white substance of spinal cord, 766 
nucleus of the ala cinerea, 805 
system of fibres, 866 
Commissure, anterior cerebral, 827, 850, 866 
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Commissure, grey, of spinal cord, 762 
Gudden's, 822, 830 
hippocampal, 848, 866 
inferior cerebral, 830 
optie, 828 
posterior, of cerebrum, 815 
white, of spinal cord, 762 
Common carotid plexuses of nerves, 1006 
composition of nerves of lumbar plexus, 936 
of pudendal plexus, 956 
of sacral plexus, 944 
nasal meatus, 1071 
peroneal (external popliteal) nerve, 952 
branches, 952 
course, 952 
origin, 952 
plantar digital nerves, 951, 952 
volar digital branch of ulnar nerve, 926 
digital nerves, of hand, 928 
Communicans fibularis, 952 
Communicating branches of external deep 
branches of cervical plexus, 915 
of internal deep branches of cervical 
plexus, 915 
of obturator nerve, 942 
of ophthalmic nerve, 964 
of seventh (facial) nerve, 974 
to small petrosal nerve, 977 
nerve, tibial, 949 
Communications between central nervous sys- 
tem and sympathetic system, 1000 
of auriculo-temporal nerve, 971 
of cavernous plexus of nerves, 1005 
of fourth pair of cranial nerves (trochlear 
nerves), 963 
of great superficial petrosal nerve, 976 
of inferior cervical ganglion of sympathetic, 
1007 
of lingual nerve, 970 
of middle cervical ganglion of sympathetic, 
1006 
of petrous ganglion, 981 
of lumbar portion of sympathetic system, 1010 
of seventh (facial) nerve, 976 
of superior cervical ganglion, 1005 


of tenth nerve (vagus or pneumogastric), 984 | 


of twelfth cranial nerve (hypoglossus), 988 
Components of basis (pes) pedunculi, 821 
Composition of nerves of lumbar plexus, 935 

of pudendal plexus, 956 
of sacral plexus, 944 
Conarium, 825 
Concha, 1049 

eminence of, 1050 
Conche, nasal, 1071 
Conduction paths, auditory, 874 

involving cerebellum, 871 
of nervous system, summary of, 869 
of olfactory apparatus, 876 
of optic apparatus, 875 
Conical papille of tongue, 1064 
Conjunctiva, cul de sac (fornix), 102 

ocular, 1021 

palpebral, 1020, 1046 
Connections, central, of craniaNpeyfes, 803 


cortical, of thalamus, 86 
of nuclei of corpus strtat 857 


of nucleus of oculom rve, 819 
Connective tissue of ey s, central, 1045 
of nervous syst fnN 733 
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Construction NN | portion of sympathetic | 


system, 
of lumbar poi 


of sympathetic system, 1011 


of sacral ffortion of sympathetic system, 1011 | 
of syn tic system, 1000 


ortion of sympathetic system, 


of UNG Se 
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0 
CofteWts, orbital, arrangement of, 1033 


AP 


Contents of restiform body, 793 
Conus medullaris, 758 
Convex surface of brain, 776 
of cerebral hemispheres, 830 
of occipital lobe, 842 
Convolutions of brain, 777, 832 
Cord, spinal, 756 
Cords of brachial plexus, 917 
ganglionated, of sympathetic system, 1003 
Cornea, 1025 
rotation of, 1037 
structure of, 1025 
Cornu ammonis, 847, 856 
Cornua of lateral ventricles, 852, 853 
Cornu-commissural tract, 769 
Cornucopiz, 896 
Corona ciliaris, 1026 
iridis, 1022 
radiata, 863 
occipito-thalamic (optic) radiation of, 864 
Coronary plexuses of nerves, 1013 
Corpora mammillaria (albicantia), 777, 823 
quadrigemina, 779, 814 
Corpus callosum, 777, 831, 866 
body of, 831, 866 
forceps major, 866 


minor, 866 
genu, 831, 866 
medial longitudinal stria of, 831 
peduncle of, 845 
rostral lamina of, 831 
rostrum of; 831, 866 
mammillare of limbic lobe, 849 
striatum, 832, 856 
trapezoideum, 807 
Cortex, cerebellar, 787, 791 
functional areas of, 868 
structure of, 856 xS 
Corti, organ of, 1061 
Cortical cerebral art 80 
Cotunnius, nerygeo\ 973 
Course of acegs obturator nerve, 943 
of anteri neous nerves of thigh, 939 
of 2 hl &temporal nerve, 971 
fa y (circumflex) nerve, 921 
shorda tympani, 977 
common peroneal (external popliteal) 
of deep peroneal (anterior tibial) nerve, 954 
radial (posterior interosseous) nerve, 922 
of dorsal scàpular nerve, 919 
of eleventh cranial nerve, 986 
of fibres of first cranial nerve (olfactory 
nerve), 959 
of second cranial nerve (optic nerve), 960 
of third (oculo-motor) cranial nerve, 962 
of first cervical nerve (anterior primary divi- 
sion), 911 
of fourth cervical nerve (anterior primary 
division), 911 
of genito-femoral (genito-crural) nerve, 937 
of great auricular nerve, 913 


lateral longitudinal stria of, 831 
radiation of, 831, 866 
splenium of, 831, 866 
connections of nuclei of, 857 
cerebral, distribution of, 856 
of lens of eye, 1029 
connections of tfffNarhus, 861 
thoz erves, 920 
t buccinator (long buccal) nerve, 969 
nerve, 952 
temporal nerves, 969 
of external carotid nerves, 1006 
of fourth cranial nerve (trochlearnerve), 962 
of fifth cranial (trigeminal) nerves, 964 
thoracic nerve, 931 
of frontal nerve, 965 
splanchnic nerve, 1009 
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Course of great superficial petrosal nerve, 976 
ilio-hypogastrie nerve, 936 
of ilio-inguinal nerve, 936 
of inferior alveolar (dental) nerve, 970 
cardiac nerve, 1007 
laryngeal nerve, 985 
of infra-orbital nerve, 968 
of intercosto-brachial (intercosto-humeral) 
nerve, 932 
of internal carotid nerve, 1005 
of lachrymal nerve, 965 
of last thoracic nerve, 933 
of lateral cutaneous nerve, 938 
plantar nerve, 951 
of least splanchnic nerve, 1009 
of lesser splanchnic nerve, 1009 
of lingual nerve, 969 
of long thoracic nerve (external respiratory 
nerve of Bell), 919 
of lumbo-sacral trunk, 943 
of mandibular nerve, 968 
of masseteric nerve, 969 
of maxillary nerve, 966 
of medial antibrachial (internal) cutaneous 
nerve, 920 
brachial (lesser internal) cutaneous nerve 
or nerve of Wrisberg, 920 
plantar nerve, 949 
of median nerve, 927 
of mental nerve, 971 
of middle cardiae nérve, 1007 
of musculo-cutaneous nerve, 924 
of naso-ciliary (nasal) nerve, 966 
of ninth nerve (glosso-pharygeal), 980 
of obturator nerve, 941 
of ophthalmic nerve, 964 
of optic nerve, 1040 
of perineal nerve, 956 
of posterior auricular nerve, 977 
femoral cutaneous (small sciatic) nerve, 945 
of radial (musculo-spinal) nerve, 922 
of recurrent laryngeal nerve, 985 
of saphenous nerve, 941 
of sciatic nerve, 947 
of second cervical nerve (anterior primary 
division), 911 
thoracic nerve, 931 
of seventh (facial) nerve, 975 
of sixth cranial nerve (abducens), 975 
of small occipital nerve, 913 
of spinal nerves, 903 
of subclavian nerve, 919 
of superficial cervical cutaneous nerve, 914 
peroneal (musculo-cutaneous) nerve, 954 
radial (radial) nerve, 923 
of superior cardiac nerve, 1006 
laryngeal nerve, 984 
of suprascapular nerve, 919 
of sural(external or short saphenous) ne 
of tenth nerve (vagus or pneumqe: 
of third cervical nerve (anteri NN 
vision), 911 ANN 
of thoracic nerves, 931 O 
of tibial nerve, 948 
of twelfth cranial nerve glossus), 987 
of ulnar nerve, 924 
Cranial arachnoid, 89 
cisterna basalis 
cerebelloa (cisterna magna), 


892, * 

chias NN 392 

NO cularis, 892 

pantis»s92 

erior, 892 

lations of brain to walls of, 876 


ris 


arteries, 890 
folds, 889 
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Cranial dura mater, nerves, 890 
veins, 891 
nerves, 771, 957 
central connections of, 803 
eighth pair (acoustic or auditory), 778, 979 
eleventh pair (spinal accessory), 778, 986 
fifth pair (trigeminal nerves), 778, 963 
first pair (olfactory nerves), 777, 959 
fourth pair (trochlear nerves), 777, 962 
general description, 958 
names and numbers, 957 
ninth pair (glosso-pharyngeal), 778, 980 
nuclei in medulla oblongata, 803 
second pair (optic nerves), 777, 959 
seventh pair (facial), 778, 975 
sixth pair (abducens), 778, 974 
superficial attachments and origins, 959 
tenth pair (vagus or pneumogastric), 778, 
982 
third pair (oculo-motor nerves), 777, 961 
twelfth pair (hypoglossus), 779, 987 
pia mater, 895 
surfaces of, 896 
tele chorioidez, 896 
vascular duplications, 896 
subdural cavity, 891 
venous lacune, 889 
sinuses, 889 
Crest, neural, 753 
Crista, ampullary, 1059 
Crossed pyramidal tract, 769 
Cruciate branches of superficial peroneal (mus- 
culo-cutaneous) nerve, 954 
Crura of anthelix, 1050 
of cerebrum, 777, 814, 815 
of fornix, 847 
of lower lateral nasal cartilages, 1068 
Crural branch of genito-femoral nerve, 938 
nerve, anterior, 938 
interosseous (Halbertsma), 949 
Crureus, nerve to, 941 
Crus of helix, 1049 
Cruveilhier, posterior c 
Crypts of iris, 1022 ND 
Crystalline lens of 28 
Bri 1020 


Cul de sae, conju 
1, 789 


f medulla oblongata, 799 


l] plexus of, 908 


portion of epitympanie recess, 1056 
Nataneous areas of face, 889 
of lower extremity, 995 
of neck, 991 
of pinna, 991 
of scalp, 989 
of trunk, 991 
of upper limb, 994 
branch (communieans fibularis) of common 
peroneal nerve, 952 
of dorsal antibrachial (external) of radial 
nerve, 922 
of ilio-hypogastric nerve, 936 
lateral, of thoracic nerves, 932 
of median nerve, 928 
plantar, of medial plantar nerve, 950 
of posterior brachial (internal) of radial 
nerve, 922 
of posterior femoral eutaneous nerve, 946 
of sacral plexus, 945 
of superficial peroneal (musculo-cutane- 
ous) nerve, 954 
(medial sural cutaneous or tibial communi- 
cating) of tibial nerve, 949 
of ulnar nerve, 926 
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Cutaneous layer of tympanic membrane, 1053 
nerves, calcaneo-plantar, 949 
distribution of, 989 
of foot, lateral dorsal, 953 
intermediate dorsal, of leg, 954 
lateral, 938 
of abdomen, 933 
antibrachial, 924 
brachial, 921 
sural, 952 
lesser internal, 920 
medial antibrachial (internal), 920 
brachial, 920 
dorsal, of leg, 954 
sural, 949 
middle, of thigh, 938, 939 
perforating, of thigh, 946 
posterior femoral, 945 
superficial cervical, 914 
of thigh, 938 
nerve-supply of limbs, 993 
Cymba conche, 1049 


D 


Darwin, tubercle of, 1050 
Decussation, fountain, 822 
of lemnisci, 786, 797 
of pyramids, 769, 797, 782 
of superior cerebellar peduncles, 793 
Deep annectant gyrus, 840, 843 
branches of cervical plexus, 915 
of lateral plantar nerve, 952 
fibres of pons, 810 
lateral fissure (fissure of Sylvius), 830 
peroneal (anterior tibial) nerve, 954 
branches, 954 
course, 954 
origin, 954 
portion of cardiac plexus, 1013 
radial (posterior interosseous) nerve, 922 
branches, 923 
course, 922 
origin, 922 
temporal nerves, 969 
terminal branches of femoral (anterior crural) 
nerve, 941 
volar branch of ulnar nerve, 926 
Deferential plexus of nerves, 1018 
Deiters’ nucleus, 771, 805 
Dendrites, 750 
Dendritic processes of neurone, 750 
Descemet, membrane of, 1026 
Dental branches, inferior, of inferior dental 
plexus, 971 
superior, of superior dental plexus, 968 
nerves, 967, 968, 970 
inferior, 971 
superior, 968 
Dentate fascia, 847 


fissure, 847 NI 
nucleus of cerebellum, 792 NN 
Denticulate ligament, 893, 895 O 
Descendens hypoglossi, 988 
Descending branches of cervice: xus, 915 
of spheno-palatine (Megkel’s) ganglion, 973 
projection fibres of tel alon, 865 
root of vestibular ne 
Description, general 
ings, 1019 € 


of cranial n NN 8 
Development aNterior cerebral commissure, 
9 


e and its surround- 


850 


of brain, WS 

of eg leus (fissure of Rolando), 840 
of ce , (87 

ofextefnal ear. 1057 


KO 


Development of fornix, 850 
of gyri of cerebrum, 832 
of hypophysis cerebri, 828 
of internal ear, 1061 
of middle ear, 1057 
of nervous coat of eye, 1028 
of nervous system, 753 
of nose, 1074 
of olfactory bulb and tract, 845 
of pineal body, 828 
of sulci of cerebrum, 832 
of tongue, 1066 
Diagonal sulcus, 838 
Diaphragm, nerve to, 916 
Diaphragma sellæ, 888 
Diaphragmatic plexuses of nerves, 1015 
Diencephalon (interbrain), 753, 823 
Differences between cerebro-spinal system and 
sympathetic system, 899 
between cranial and spinal dura, 887 
Digastric muscle, nerve to, 977 
Digital branches of common plantar, 951, 952 
of common volar, of hand, 928 
dorsal, of foot, 953 
of hand, 924 
of ulnar nerve, 926 
of medial plantar nerve, 950 
of proper plantar, 952 
volar, of hand, 928 
of ulnar nerve, 926 
Digitations, hippocampal, 855 
Dilator pupillæ, 1027 
Direct cerebellar tract of Flechsig, 770 
pyramidal tract, 771 
Direction of emergence of spinal nerves, 903. 
Disk, optic, 1022 
Dissection of eye, 1024 
Distribution of cerebral cortex, 856 
of cutaneous branches of the sensory and 
mixed cranial and spinal nerves, 989 
of spinal nerves, areas of, 9( 
Divisions, anterior primary, af Secral nerves, 944 


of spinal nerve-tr eR 

of axillary UN. ve? 921 
of eighth nerve (aco > Or auditory), 979 
of encephalon, 77 
gross, of cerebe 
of lumbar nepras\936 
of nervous o, 949 

i dary, of spinal nerve-trunks, 907 
spinal nerve-trunk, 904 
tic system, 1002 


accessory olivary nucleus, 801 
tibrachial (external) cutaneous branch of 
radial nerve, 922 


926 
nerve, intermediate, of leg, 954 
lateral, of foot, 953 
medial, of leg, 954 
digital branches of ulnar nerve, 926 
digital nerves of foot, 953 
of hand, 924 
efferent nucleus, 805 
external spinal veins, 775 
fasciculus proprius, 768 
horn (columna posterior) of spinal cord, 762 
nerve of clitoris, 957 
penis, 957 
nucleus of cochlear nerve, 806 
part of pons, 810 
root of spinal nerves, 747, 758, 901 
scapular nerve, 919 
surface of diencephalon, 823 
of cerebellum, 788 


Q aspect of medulla oblongata, 784 
O (posterior) cutaneous branch of ulnar nerve, 
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Dorsal surface of mesencephalon, 814 
of pons, 787 
zone of neural tube, 779 
Dorso-medial group of cells of ventral horn of 
spinal cord, 763 
Dorsum of tongue, 1063 
Duct, cochlear, 1059 
endolymphatic, 1058 
lachrymal gland, excretory, 1047 
naso-lachrymal, 1048 
semicircular, 1059 
utriculo-saccular, 1058 
Ductus (canaliculi) lachrymalis, 1047 
reuniens of membranous labyrinth, 1058 
Dura mater, 882 
blood-vessels of, 885, 890 
cranial, 885 
spinal cord, 758, 882 
Dural sheath of optic nerve, 1040 


E 
Ear, 1049 
auricle, 1049 
development of, 1057, 1061 
external acoustic (auditory) meatus, 1051 
internal, 1057 
middle, 1052 
ossicles of, 1054 
tympanum of, 1052 
wax, 1052 
Edinger and Westphal, nucleus of, 818 
Efferent fibres, splanchnic, 906, 1001 
nerve-fibres, 747 
nucleus, dorsal, 805 
veins of cerebellum, 880 
Ehrenritter, ganglion of, 980 
Eighth cranial nerve, 778, 979 
Eisler, greater coccygeal perforating nerve, 946 
Elastic lamina, anterior, of cornea, 1026 
posterior, of cornea, 1026 
Eleventh pair of cranial nerves (spinal acces- 
sory), 778, 986 
branches, 987 
central connections, 987 
course, 986 
origin, 986 
Embryological evidence regarding fasciculi of 
spinal cord, 766 
Embryonal cardiac plexuses, 1013 
layers of olfactory bulb, 845 
Eminence of auricle, 1050 
collateral, 847 
hypoglossal, 796 
lateral, of lateral ventricle, 854 
medial, of floor of fourth ventricle, 796 
Emissary veins, 889 
Encephalon, 756, 776 
blood-supply of, 879 
divisions of, 779 
End-brain, 823 
End-brush, 751 


zndolymph, 1057 

Endolymphatie duct, 1058 ( ) 
sac, 1058 

End-organs, 753 

End-plates, 753 


IN, 
Enlargements of cvs. 758 


Ependymal cells yaa 

Epidural cavity C 

Epiglottic v NN , 1063 

Epiphysis NN) l body), 753, 779, 814, 825 
Epithalaqnusw823, 825 

Epithedia\ chorioid lamina, 853, 898 

Epa N subcapsular, of lens of eye, 1029 


ipit anic recess, 053 
1ator of eyeball, 1023 
lens of eye, 1028 
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Ethmoidal bulla, 1071 
nerve, anterior, 966 
Eustachian tube, 1054, 1057 
Examination of eyeball, 1023 
Excretory ducts of lachrymal gland, 1047 
External acoustic (auditory) meatus, 1051 
arteries, 1052 
lymphatics, 1052 
nerves, 971, 1052 
relations, 1051 
structure, 1051 
veins, 1052 
anterior thoracic nerve, 920 
arcuate fibres of medulla oblongata, 784, 801 
branch of eleventh cranial nerve, 987 
of lateral cutaneous nerve, 938 
of superior laryngeal nerve, 985 
capsule (telencephalon), 858, 864 
carotid nerves, 1006 
plexus of nerves, 1006 
cruciate branch of superficial peroneal (mus- 
culo-cutaneous) nerve, 954 
cutaneous branch, dorsal, of radial nerve, 922 
deep branches of cervical plexus, 915 
ear, 1049 
development of, 1057 
features of mesencephalon, 814 
prosencephalon, 823 
telencephalon, 826 
maxillary plexus of nerves, 1006 
medullary lamina of lenticular nucleus, 857 
of thalamus, 860 
morphology of spinal cord, 757 
nasal branches of maxillary nerve, 968 
nose, 1067 
orbital gyrus, 838 
palatine nerve, 974 
parieto-occipital fissure, 843 
popliteal nerve, 952 
pterygoid muscle, nerve to, 969 
respiratory nerve of Bell, 919 
saphenous nerve, 952 
spermatic branch of ge 
spinal veins, 775 
superficial petros re, 1006 
Extremities, cut : nerve-supply of, 993 
Extrinsic musg 0% tongue, 1064 
Eye, 1019, 
aqueous (yx of, 1030 
attach £ of muscles in orbit, 1034 
f ssels of, 1031 


ars of, 1030 
ligaments, 1040 


-femoral nerve, 938 


S chorioid 1026 
Q iliary body, 1026 


muscle of, 1026 
cornea, 1025 
development of, 1033 
dissection of, 1024 
examination of eyeball, 1023 
eyelids, 1044 
fascia bulbi (Tenon's capsule), 1040 
fasciæ of orbit, 1037 
general description of, 1019 
surface view, 1019 
innermost (nervous) coat of, 1028 
interfascial (Tenon's) space, 1040 
iris, 1026 
lachrymal apparatus, 1047 
lens of, 1028 
lymphatic system of, 1032 
of orbit, 1044 
movements of, 1037 
muscles of, 1035 
nerves of, 1030 
of orbit, 1043 
optic nerve, 1040 
orbit and its contents, 1033 
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Eye, outer, fibrous coat of, 1025 
principal axes of rotation, 1036 
retina of, 1028 
sclerotic, 1025 
suspensory ligament, 1039 
vascular coat (uveal tract), 1026 
veins of, 1032 
vitreous humor of, 1029 

Eyeball, arteries of, 1023 
blood-vessels of, 1031 
check ligaments of, 1040 
ciliary nerves of, 1030 
equator of, 1023 
examination of, 1023 
hemispheres of, 1024 
insertions of muscles, 1023 
nerves of, 1024 
poles of, 1023 
sagittal axis of, 1023 
shape of, 1023 
suspensory ligament of, 1039 

Eyelids, 1020, 1044 
blood-vessels of, 1046 
glands of, 1046 
lymphatic vessels of, 1046 
nerves of, 1046 
structure of, 1045 


F 


Face, cutaneous areas of, 989 
Facial branches of great auricular nerve, 914 
nerve, 975 
` nucleus of, 778, 808 
Fascia bulbi (Tenon’s capsule), 1040 
dentate, 847 
of orbit, 1037 
palpebral, 1038 
Falx cerebelli, 888 
cerebri, 887 
Fascicularis retroflexus (Meynerti), 861 
Fasciculi of nerves, 756 
proprii of spinal cord, 766, 768 
pyramidal, of pons, 810 
of telencephalon, 865 
of spinal cord, order of medullation of, 774 
physiological investigation, 766 
Fasciculus, anterior marginal, 771 
cerebello-spinal, 770 
comma-shaped, 767 
cuneatus (Burdach’s column), 767 
gracilis (Goll’s column), 767 
inferior longitudinal, 867 
intermediate, 771 
lateral cerebro-spinal, 769 
medial longitudinal, 800, 822 
occipito-frontal, 868 
olivary, 770 
pedunculo-mammillary, 849 
proprius, dorsal, 768 


lateral, 769 NV 
ventral, 771, 772 NN 
retroflexus of Meynert, 821 O 
sulco-marginal, 772 
superficial ventro-lateral, 77 


superior longitudinal, 867 
thalamo-mammillary ? $9560 


uncinate, 867 
ventral cerebro-s 71 
Fasciola cinerea e8 


Features, ext« NN $ mesencephalon, 814 
of pros AN lon, 823 
of telencempàlon, 826 


axones in grey substance of spinal 


Felt-work c 
con 
meous nerve, posterior, 945 


Femor 
terfor erural) nerve, 938 
branches, 938, 941 


Femoral (anterior crural) nerve, course, 938 
origin, 938 
plexus of nerves, 1015 
Fenestra ovalis, 1054 
rotunda, 1054 
Fibre propriz, 867 
Fibre-connections of nuclei of corpus striatum, 
857 
Fibres, afferent nerve, 747 
sympathetic, 907 
of anterior cerebral commissure, 850 
arcuate, 801 
association, of telencephalon, 866 
white substance of spinal cord, 766 
of brachium pontis, 793 
of cerebellar cortex, 792 
cerebello-olivary, 801 
commissural system of, 866 
of white substance of spinal cord, 766 
of efferent nerve, 747 
external arcuate, of medulla oblongata, 784 
of fornix, 866 
of grey substance of pons, 813 
internal arcuate, 799 
of lateral lemniscus, 820 
of medial lemniscus, 821 
longitudinal fasciculus, 823 
of medulla, 800 
of oculomotor or third nerve, 818 
of optic nerve, 959 
of pons, 800, 810 
of pyramids, 797 
of restiform body, 793, 812 
splanchnic, 1001 
afferent, 906 
efferent, 906 
of superior peduncle of cerebellum, 794 
quadrigeminate bodies, 821 
sympathetic, 998 
trunks, 1003 
of tenth cranial nerve, 986 
of white substance of telen&ephalon, 862 
Fibrous layers of tympanif nbrane, 1053 
Fibular branch of Ha RN , 949 
Fifth cervical nerve, Pj rior primary divi- 
sions, 908 
pair of cranial 


Wes (trigeminal nerves), 


964 
'onnections, 964 


ue, 964 


awe lion of, 963, 972 


"gin, 963 
LN roots of, 964 
tricle (cavity of septum pellucidum), 850 


Q radicularia, 761, 901 

Filaments, root, of spinal nerves, 761 

Filiform papillæ of tongue, 1064 

Fillet of medulla oblongata, 797 

Filum of dura mater, 884 
terminale, 758, 895 

Fimbria, 847, 855 

Fimbriate folds of lingual mucous membrane, 
1063 

Fimbrio-dentate sulcus, 847 

Fingers, nerves of, 928 

First cervical nerve, anterior primary division, 


911 
sub-occipital, posterior primary division 
907 


common volar digital nerve, of hand, 928 
pair of cranial nerves (olfactory nerves), 959 
thoracic ganglion, 1008 
nerve, 931 
Fissura prima, 845 
serotina, 845 
Fissures, antitrago-helicine, 1050 
calcarine, 843 
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Fissures, calloso-marginal, 837, 838 
of cerebellum, 788 
of cerebrum, 832 
chorioid, 847, 1033 
collateral, 835, 843 
deep lateral, 830 
great longitudinal, 776 
hippocampal or dentate, 847 
lateral, 835 
longitudinal, of cerebrum, 830 
parapyramidal, of cerebellum, 790 
parieto-occipital, 843 
posterior median, of medulla oblongata, 785 
postlimbie, 842 
post-nodular, of cerebellum, 791 
post-pyramidal, of cerebellum, 790 
prepyramidal, of cerebellum, 790 
retrotonsillar, of cerebellum, 790 
Rolando, 837, 839 
spinal cord, 761 ' 
Sylvius, 777, 830, 835 
telencephalon, 833 
transverse, of cerebrum, 830 
Flechsig, direct cerebellar tract of, 770 
secondary optic radiation of, 866 
Flexor carpi radialis, nerves to, 928 
ulnaris, nerves to, 926 
digitorum longus, nerves to, 949 
profundus, nerves to, 926 
sublimis, nerves to, 928 
longus hallucis, nerves to, 949 
Flexures of neural tube, 779 
Flocculus of cerebellum, 790 
peduncle of, 790 
secondary, of cerebellum, 790 
Floor of fourth ventricle, 794, 795 
ala cinerea (trigonum vagi), 796 
area acustica, 797 
postrema of Retzius, 796 
calamus scriptorius, 796 
colliculus facialis, 797 
fovea trigemini, 797 
funiculus separans, 796 
hypoglossal eminence (trigonum hypo- 
glossi), 796 
inferior fovea, 796 
locus czeruleus of, 797 
medial eminence of, 796 
nucleus incertus of, 797 
intercalatus, 796 
portions of, 795 


Foramina, intraventricular (Monroi), 851, 852 
Forceps major, 854, 866 
minor, 866 
Fore-brain, 823 
Forel, fountain decussation of, 822 
Formation of brachial plexus, 917 
of cervical plexus, 911 
of coccygeal plexus, 957 
of lumbar plexus, 935 
of lumbo-sacral plexus, 935 
trunk, 943 
of mandibular nerve, 968 
of pudendal plexus, 956 
reticular, of medulla and pons, 800 
of spinal cord, 763 
of sacral plexus, 944 
of sympathetic system, 998 
Fornix, anterior pillars of, 849 
body of, 848 
conjunctival, 1020 
development of, 850 
fibres of, 866 
limbic lobe, 847 
posterior pillars (crura), 847 
Fossa of anthelix, 1050 
interpeduncular, 777, 815 
rhomboidea, 779, 786, 794, 795 
scaphoid, of auricle, 1050 
Sylvian, 834 
triangular, of auricle, 1050 
Fosse, nasal, 1070 
Fountain decussation (Forel), 822 
Four lower cervical nerves, anterior primary 
divisions, 911 
upper cervical nerves, anterior primary divi- 
sions, 911 
Fourth cervical nerve (anterior primary divi- 
sions), 911 
posterior primary divisions, 908 
pair of cranial nerves (trochlear nerves), 962, 
1043 
central connecti 


communicat AR 
course, 962 
nucleus of 
origin, 9 
ventricle, 77€ 
anatom 


5, 963 


4 

gonum vagi), 796 
hüstica, 797 

^, 'ema of Retzius, 796 


stri acusticz, 797 ys scriptorius, 796 
sulci of, 796 rioid plexus, 795, 896 
superior fovea of, 797 x colliculus facialis, 797 
tuberculum acusticum, 797 floor of, 795 

of lateral ventricles, 853 O fovea trigemini, 797 


Fluid, cerebro-spinal, 885, 894 
Folds of cranial dura mater, 887 
inferior palpebral, 1020 


lingual mucous membrane, 1063 eo 
neural, 753 N 
semilunar, of conjunctiva, “O 


sublingual, 1063 
superior palpebral, 1020 
tympanic mucous membra 056 


Folia of cerebellum, 787 

Foliate papillæ of tonat ”D64 

Folium vermis (cacu N of cerebellum, 789 
Fontana, spaces ofa 


Foot, nerves Qf 94: 
Foramen ce NN 1edulla oblongata, 782 
Cone f tongue, 1063 
of diaphragma sella, 889 
ricular, 826 
lie, 779, 795 
of ro, 826 
zale of Paechioni, 888 


re, 1025 


funiculus separans, 796 
hypoglossal eminence (trigonum hypo- 
glossi), 796 
inferior fovea, 796 
lateral apertures, 795 
recesses, 795 
locus ceruleus of floor of, 797 
medial aperture of, 795 
nucleus incertus of floor of, 797 
intercalatus, 796 
portions of, 794 
roof of, 794 
strie acustice, 797 
superior fovea of, 797. 
tela chorioidea of, 896 
tubereulum acusticum, 797 
Fovea centralis, 1022, 1028 
inferior, of floor of fourth ventricle, 796 
trigemini, 797 
Framework of nose, 1067 
Free termination of telodendria, 753 
Frenulum, 1063 


{ 
j 
i 


| 


INDEX TO PART III 1089 


Frenulum veli, 795, 815 
Frontal association centre, 869 


branch of frontal nerve, 965 
convolution; ascending, 837 
gyrus, inferior, 838 
middle, 837 
superior, 837 
lobe, 837 
anterior central gyrus (ascending frontal 
convolution), 837 
orbital gyrus, 838 
Broca’s convolution, 838 
central suleus (Rolandi), 837 
diagonal sulcus, 838 
external orbital gyrus, 838 
fronto-marginal sulcus, 838 
gyri of, 837 
gyrus rectus, 838 
inferior frontal gyrus, 838 
sulcus, 838 
internal orbital gyrus, 838 
marginal gyrus, 538 
middle frontal gyrus, 837 
sulcus, 837 
orbital sulci, 838 
para-medial sulcus, 837 
posterior orbital gyrus, 838 
precentral sulcus, 837 
rostral sulci, 838 
submarginal gyrus, 838 
sulci of, 837 
suleus cinguli (calloso-marginal fissure), 
837, 838 
superior frontal gyrus, 837 
sulcus, 837 
nerve, 964, 1043 
branches, 964 
course, 964 
operculum, 836 
peduncle of thalamus, 861 
pole, 830 
pontile path (Arnold’s bundle), 814, 866 
portion of internal capsule (telencephalon), 
863. 
suleus, inferior, 838 
middle, 83 
superior, 837 
Fronto-marginal sulcus, 838 
Functional areas of cerebral cortex, 868 
Fundus reflex, 1022 
Fungiform papille of tongue, 1064 
Funieuli of nerves, 756 
of spinal cord, 761, 767 
Funieulus, anterior, 771 
cuneatus of medulla oblongata, 785 
gracilis of medulla oblongata, 784 


Ganglia of thoracic portion of sympathetic sys- 
tem, 1008 
Gangliform enlargements of superior dental 
plexus, 968 
Ganglion, 756 
aortico-renal, 1015 
of Bochdalek, 968 
cardiac (ganglion of Wrisberg), 1013 
ciliary, 962, 972, 1044 
coccygeum impar, 1003, 1010 
geniculate, 808, 976 
inferior, petrous, or Andersch’s, 981 
interpeduncular, 861 
jugular, 983 
nodosum (ganglion of trunk), 984 
otic (Arnold’s), 974 
phrenic, 1015 
of root of tenth nerve, 983 
semilunar (Gasserian), 808, 963 
spheno-palatine (Meckel’s), 972 
of spinal nerves, 901 
spiral, of cochlea, 806, 980 
splanchnic, 1009 
submaxillary, 974 
| superior cervical, 1005 
jugular, or Ehrenritter's, 980 
mesenteric, 1015, 1016 
sympathetic, inferior cervieal, 1007 
middle cervical, 1006 
of trunk of tenth nerve, 984 
of Valentine, 968 
| vestibular (of Scarpa), 805, 979 
Ganglionated nerve-cords, 1000 
Ganglionie arteries of cerebrum, 879 
Gasserian ganglion, 808, 963 
Gastric branches of tenth cranial nerve, 986 
plexus of nerves, anterior, 986 
inferior, 1016 
superior (coronary), 1015 
posterior, 986 
Gelatinous substance of Rolando, 762 
General description of eye apN its surroundings, 


1019 . 
| of tongue, 1062 NS 
topography of brai (0 


Geniculate bodies AX2623, 825 
ganglion, 808 


uml nerve, 937 
moral (genito-crural) nerve, 937 
branches, 938 


Q course, 937 
origin, 937 


| » > 
separans, 796 Q Genu of corpus callosum, 777, 831, 866 


Fureal nerve, 935 
Furrowed bands of vermis, 790 


Fusiform gyrus (occipito-temporz Quy - 
tion), 835, 843 NN 
AS 
Galen, vein of, 880 


Ganglia, aberrant sping OF 
basal, 856 
of cervical portion 
of cceliac plexus 
connected v QN 'aMches of trigeminus nerve, 


pathetic system, 1005 


972 

of lumba N ion of sympathetic system, 
1010 

of nir erve (glosso-pharyngeal), 980 

re OS 


gacr? 1010 
npathetie, 1000, 1003 
Q tenth nerve (vagus or pneumogastric), 983 


inferior, of central suleus (fissure of Rolando), 
840 
internal capsule (telencephalon), 863 
| superior, of central sulcus (fissure of Rolando), 
| 839 
| Gingival branches, inferior, of inferior dental 
| plexus, 971 
| superior, of superior dental plexus, 968 
Glands of auricle (of ear), 1050 
of Blanden, 1064 
|  ceruminous, 1052 
of eyelids, 1046 
Henle's, 1046 
Krause’s, 1046 
lachrymal, 1047 
| lingual, 1064 
|  Meibomian, 1046 
| of Moll, 1046 
| nasal, 1072 
| of Nuhn, 1064 
| olfactory, 1072 


Genio-glossus ses to, 989 
Genio-hyol (ees to, 989 ; 
| Genital b of genito-femoral nerve, 938 
Genipeagnugrves to, 956 
1 


Glands, tarsal (Meibomian), 1020 
Waldeyer's, 1046 
Zeiss's, 1046 
Globus pallidus, 857 
Glomerular layer of olfactory bulb, 845 
Glomeruli of olfactory nerves, 959 
Glomus chorioideum, 853, 898 
Glosso-epiglottic folds, 1063 
Glosso-pharyngeal nerves, 778, 980 
Glosso-pharyngeus, nucleus of, 804 
Gluteal branches of posterior femoral cutaneous 
nerve, 946 
nerve, inferior, 946 
superior, 946 
Golgi cells in cerebellum, 792 
Gowers’s tract, 770, 812 
Granular layer of cerebellar cortex, 791 
Granulations, arachnoid, 892 
Great auricular nerve, 913 
branches, 914 
course, 913 
origin, 913 
longitudinal fissure of cerebrum, 776 
(anterior) palatine nerve, 973 
prevertebral plexus of nerves, 1011 
splanchnic nerve, 1009 
superficial petrosal nerve, 976 
communications, 976 
course, 976 
origin, 976 
Greater alar (lower lateral) nasal cartilages, 1068 
coccygeal perforating nerve of Eisler, 946 
occipital nerve, 908 
(ciliary) zone, 1022 
Grey commissure of spinal cord, 762 
rami communicantes of cervical portion of 
sympathetic system, 1005 
of inferior cervical ganglion, 1007 
of lumbar portion of sympathetic system, 
1010 
of middle cervical ganglion, 1006 
of sacral portion of sympathetic system, 
1010 
of thoracic portions of sympathetic sys- 
tem, 1008 
ramus, 906 
substance, central, of mesencephalon, 816 
of pons (nuclei pontis), 813 
of spinal cord, 762 
of telencephalon, 856 
Groove, neural, 753 
pharyngeal, 1057 
Gross divisions of cerebellum, 787 
Ground bundles of spinal cord, 766, 768 
Groups of cells forming nuclei of third cranial 
nerve, 961 
of ventral horn of spinal cord, 763 


of central or ganglionic arteries of cereb KY 
879 

Gudden’s commissure (inferior "NO 
missure), 822, 830 

Gustatory area of cerebral cortex 
organ, 1064 

Gyri breves (precentral gyri 
cerebrum, 777, 832 


frontal lobe, 837 

lateral occipital, 832° V», 
orbital, 832 N 
origin of , 8832 
superior occipit 


, Wk 
transitivi, & 
transvers NS 835 
Gyrus, Mi NE 
anterigrXentral, 837 
ang 1neo- lingual, 843 
SD: 838 
mogul (cingulum), 846 
ei, 843 
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Gyrus, deep annectant, 840 
external orbital, 838 
fornicatus, 846 
isthmus of, 846 
fusiform (occipito-temporal convolution), 
835, 843 
hippocampal, 847 
inferior frontal, 838 
temporal, 835 
internal orbital, 838 
lateral olfactory, 844 
lingual, 835, 843 
longus, 837 
marginal, 838 
medial olfactory, 845 
middle frontal, 837 
temporal, 834 
posterior central (ascending parietal), 840 
cuneo-lingual, 843 
orbital, 838 
post-parietal, 842 
rectus, 774 
subeallosal (peduncle of corpus callosum), 845 
submarginal, 838, 841 
superior frontal, 837 
parietal, 841 
temporal, 834 
supracallosal, 847 
transitivus (deep annectant gyrus), 843 


H 
Habenule, 826 
Habenular commissure, 826 
nucleus, 861 
trigone, 815 
Hemorrhoidal nerves, inferior, 956 
middle, 956 
superior, 1016 
plexus of nerves, middle, 1017 
superior, 1016 


Hairs of auricle (of ear), 
of nose, 1070 A 
Halbertsma, ot ONN I nerve of, 949 
Hand, nerves of, 924 28, 929 


Head ‘of caudate r 855 

Helicis major, 1 

minor, 105 

Helix, 105( O 
crus of NS 3 

spine 30 


Hel e echterew’s) bundle, 770 
le 


Her res of cerebellum, 787 
ceréDral, 830 


eyeball 1024 
Qo glands, 1046 
epatie branches of tenth cranial nerve, 986 


plexus of nerves, 1016 
Hiatus semilunaris of middle nasal meatus, 1071 
Hind brain, 787 
Hippocampal commissure (psalterium or lyra), 
848, 866 
digitations, 855 
(dentate) fissure, 847 
gyrus, 847 
Hippocampus, 847 
cornu ammonis, 847 
dentate fascia of, 847 
fimbria, 847 
gyrus of, 847 
longitudinal striæ, 847 
major, 847, 855 
minor (calcar avis), 843, 847, 854 
substantia reticularis alba (Arnoldi), 847 
supracallosal gyrus, 847 
uncus of, 847 
Horizontal fissure of cerebellum, 788 


ramus of fissure of Sylvius, anterior, 836 
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Horizontal ramus of interparietal sulcus, 840 
Horner's muscle, 1046 ; 
Horns of spinal cord, 762 
Humor, aqueous, 1030 
vitreous, of eye, 1029 
Hyaloid canal (canal of Cloquet), 1030 
membrane, 1029 
Hypogastric plexuses of nerves, 1016 
Hypoglossal branches of twelfth cranial nerve, 
989 
eminence (trigonum hypoglossi), 796 
nerve, 779, 987 
nucleus of, 803 
Hyo-glossus, nerves to, 989 
Hypophysis cerebri (pineal body or gland), 777, 
828 
cerebri, development of, 828 
structure of, 828 
of diencephalon, 753 
Hypothalamic nucleus (body of Luys), 861 
sulcus (sulcus of Monro), 826 
Hypothalamus, 859 
optic portion of, 826 


I 


Iliac plexus of nerves, 1015 
Ilio-hypogastrie nerve, 936 
branches, 936 
course, 936 
origin, 936 
Ilio-inguinal nerve, 936 
branches, 937 
course, 936 
origin, 936 
Incisura marsupialis, 788 
Incisure, anterior, of auricle, 1049 
antitragic, 1049 
of Santorini, 1051 
terminal (auricle), 1050 
Incudo-malleolar articulation, 1054 
Ineudo-stapedial articulation, 1054 
Ineus, 1054 
Inferior alveolar (dental) nerve, 970 
branches, 971 
course, 970 
origin, 970 
brachium, 814, 819 
branch of third cranial (oculo-motor) nerve, 
962 
cardiac nerves, 985, 1007 
cerebellar peduncle, 778 
cerebral commissure, 830 
cervical ganglion of sympathetie, 1007 
branches, 1007 
communications, 
situation, 1007 
clunial (gluteal) branches of posterior fem 


cutaneous nerve, 946 S 


1007 


collieuli, 814 
nucleus, 819 
cornu of lateral ventricle, 854 


dental branches of inferior d xus, 971 
plexus, 971 

division of axillary (cireumfle®fierve, 921 

fovea of floor of fourth, v Gji, 796 


frontal gyrus, 838 
sulcus, 838 
(petrous or Ander 


S 


ganglion, 981 


branches, 
comr NN ions, 981 
situa 981 
gastric plegus ðf nerves, 1016 


genu of*meMtral sulcus (fissure of Rolando), 
84 


“Cy ranches of inferior dental plexus, 
e ] nerve, 946 
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Inferior hemorrhoidal nerves, 956 
labial branches of labial nerve, 971 
laryngeal nerve, 985 
longitudinal fasciculus, 867 
margin of pons, 787 
medial clunial (perforating cutaneous) nerve, 
946 
mesenteric plexus of nerves, 1016 
nasal meatus, 1071 
nerves, posterior, 974 
nucleus of vestibular nerve, 806 
oblique muscle of eye, 1036 
olivary nucleus, 783, 800 
ophthalmic vein, 1043 
palpebral branches of maxillary nerve, 968 
folds, 1020 
parietal lobule, 841 
peduncle of cerebellum, 793 
of thalamus, 861 
pontine sulcus, 787 
portion of eleventh cranial nerve, 986 
floor of fourth ventricle, 795 
postcentral sulcus, 840 
quadrigeminate body, 819 
semilunar lobe of cerebellum, 789 
temporal gyrus, 835 
thyreoid plexus of nerves, 1007 
vermis, 790 
vesical nerves, 956, 1018 
Infero-lateral border, 830 
Infra-clavicular portion of brachial plexus, 920 
Infra-mandibular branch of cervico-facial nerve, 
979 
Infra-orbital artery, 1042 
branches of cervico-facial nerve, 979 
nerve, 966, 968 
plexus, 966, 968 
Infratrochlear nerve, 966 
Infundibular recess, 827 
Infundibulum of cerebrum, f, 
in middle nasal meatus, 107, 
Inner canthus, 1019 
cord of brachial M S, 
layer of spinal pia maa 


828 


of cranial dur; 
pia mater, 
of EAM 
palpebral 
wall of Į RAS 
i aly 


rater, 884 
Qi (tendo oculi), 1046 
r cornu of lateral ventricle, 854 
'vous) coat of eye, 1028 
1uscles of eyeball, 1023 
Qu ; 550 


m sinu of, 857 
rri breves (precentral gyri), 837 
gyrus longus, 837 
limen of, 836 
Interbrain, 823 
Intercostal nerves, thoracic, 932 
Intercosto-brachial nerve, 932 
| Intereosto-humeral nerve, 932 
Interfascial (Tenon's) space, 1040 
Intermediate dorsal cutaneous nerve, of leg, 954 
fasciculus (mixed lateral zone), 771 
group of cells of ventral horn of spinal cord, 
763 
olfactory stria, 844, 845 
plexus, 1013 
portion of floor of fourth ventricle, 796 
Internal anterior thoracic nerve , 920 
arcuate fibres, 799, 801 
branch of eleventh cranial nerve, 987 
lateral cutaneous nerve, 938 
spheno-palatine (Meckel’s) ganglion, 973 
superior laryngeal nerve, 985 
capsule (telencephalon), 832, 856, 863 
carotid nerve, 1005 
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Internal carotid plexus of nerves, 1005 
cruciate branch of superficial peroneal (mus- 
culo-cutaneous) nerve, 954 
cutaneous branch, posterior, of radial nerve, 
922 
nerve, 920 
lesser, 920 
of thigh, 939 
deep branches of cervical plexus, 915 
ear, 1057 
arteries, 1061 
development, 1061 
labyrinth of, 1057 
nerves, 1061 
veins, 1061 
mammary plexus of nerves, 1007 
maxillary plexus of nerves, 1006 
medullary lamina of lenticular nucleus, 857 
of thalamus, 860 
nasal branches of maxillary nerve, 968 
occipital border, 830 
orbital border, 830 
gyrus, 838 
parieto-occipital fissure, 843 
popliteal nerve, 948 
pterygoid muscle, nerve to, 969 
spinal veins, 775 
striate arteries, 879 
structure of cerebellum, 791 
of medulla oblongata, 797 
of mesencephalon, 816 
of pons, 797, 810 
of prosencephalon, 856 
of spinal cord, 761 
Interosseous crural herve (Halbertsma), 949 
nerve, posterior, 922 
volar (anterior), 9d 
Interparietal sulcus (intraparietal), 840 
Interpeduncular fossa, 777, 815 
ganglion, 861 
Intervaginal space of optic nerve, 1040 
i Interventricular foramen (foramen of Monro), 
826 
Intumescentia tympanica, 981 
Intra-cranial portion of optic nerve, 961 
Intra-ocular portion of optic nerve, 960 
Intra-orbital portion of optic nerve, 960 
Intra-osseous portion of optic nerve, 960 
Intraparietal sulcus, 840 
Intraventricular foramina (Monroi), 851, 852 
Intrinsic muscles of tongue, 1066 
Iris, 1021, 1026 
crypts of, 1022 
Island of Reil (central lobe), 777 
Isthmus of auricle, 1050 
gyrus fornicatus, 846 
tuba auditiva (Eustachian tube), 1057 


Jacobson, nerve of, 981 Se 
organ of, 1070 


Jugular ganglion, 980, 983 
nerve, 1006 
wall (floor) of tympanic c3wfty, 1053 


* 


Knee, nerves ef 
Krause's ANS 46 


L 
Laty ches, inferior, of labial nerve, 971 


erior, of maxillary nerve, 968 
eu anterior, 937 
posterior, 957 


J 
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| Lachrymal apparatus, 1047 


o> 


Labyrinth, membranous, 1057 
osseous, 1057 
(medial) wall of tympanic cavity, 1053 


canal, 1048 
caruncle, 1020, 1022 
gland, 1047 
nerve, 965, 1044 
branches, 965 
course, 965 
papilla, 1020 
punctum, 1020 
sac, 1048 
Lacuns, venous, of dura, 890 
Lamina, anterior elastic, of cornea, 1026 
basal (vitreous), of chorioid, 1026 
basilaris of membranous labyrinth, 1060 
chorio-capillaris, 1026 
cribrosa, 960, 1022, 1025, 1041 
epithelial chorioid, 853, 898 
medullary, of lenticular nucleus, 857 
thalamus, 860 
posterior elastic, of cornea, 1026 
quadrigemina, 814 
rostral, of corpus callosum, 831 
terminalis, 827, 850 
tragi, 1050 
Laminz of cerebellum, 787 
medullary, of cerebellum, 791 
of orbital fascia, 1039 
of septum pellucidum, 850 
of tuba auditiva, 1057 
Large cavernous nerve of penis, 1018 
Laryngeal nerve, superior, 984 
Laryngo- pharyngeal branches of superior cer- 
vical ganglion, 1006 
Last thoracic nerv e, 933 
Lateral accessory oliv ary nucleus, 801 
ampullar branch of vestibular ganglion, 980 
antibrachial cutaneous nerve, 9: 24 
apertures of fourth ventricle, 795 
brachial cutaneous nerv&, 921 
branches of infra-cl; ar portion of bra- 
chial plexus, MN 
of last MN 7 >. 933 


of posterior Qs division of fifth lum- 
rve, 910 
oth lumbar nerve, 910 


ast five cervical nerves, 908 
ower six thoracic nerves, 909 
of sacral nerves, 910 
of second cervical nerve, 908 
of spinal nerve-trunks, 905 
of upper six thoracic nerves, 909 
of upper three lumbar nerves, 910 
of second thoracic nerve, 932 
of thoracic nerves, 905 
of thoraco-abdominal nerves, 933 
caleaneal branches of sural nerve, 953 
cerebral fissure (fissure of Sylvius), 777 
cerebro-spinal fasciculus (crossed pyramidal] 
tract), 769 
column of spinal cord, 769 
cutaneous branch of ilio- -hypogastric nerve, 
936 
of thoracic nerves, 932 
nerves, 938 
of abdomen, 933 
dorsal cutaneous nerve of foot, 953 
eminence of lateral ventricle, 854 
fasciculus proprius, 769 
fissure (fissure of Sylvius), 835 ; 
funiculus of spinal cord, 761, 767, 769 
geniculate body, 814, 825 
ground bundle of spinal cord, 769 
group of cells of ventral horn of spinal cord, 
763 
horn of spinal cord, 763 
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Lateral lemniseus, 799, 812, 819, 820 
nucleus of, 807, 820 
limiting layer of spinal cord, 769 
longitudinal stria of corpus callosum, 831 
hippocampus, 847 
mammary branches of thoracic nerves, 932 
nasal cartilages, 1068 
nucleus of thalamus, 824, 860 
(Deiters’) of vestibular nerve, 805 
occipital gyri, 832, 843 
sulcus, 843 
olfactory gyrus, 844 
stris, 844 
plantar nerve, 951 
branches, 952 
course, 951 
origin, 951 
posterior superior nasal branches of spheno- 
palatine (Meckel’s) ganglion, 973 
recesses of fourth ventricle, 795 
of medulla, 786 
root of optic tract, 829 
suleus of mesencephalon, 815 
sural cutaneous nerve, 952 
ventricles, 832, 851 
alveus, 855 
amygdaloid nucleus, 854 
tubercle of, 854 
body (central portion), 852 
caudate nucleus, 855 
chorioid plexus, 853, 854, 898 
collateral trigone, 854 
contents, 851 
cornua of, 852, 853 
epithelial chorioid lamina, 853 
fimbria of, 855 
floor of, 853 
forceps major, 854 
glomus chorioideum, 853 
hippocampus major, 855 
minor, 854 
lateral eminence of, 854 
lining membrane of, 851 
teenia fimbrisze, 855 
tapetum of posterior cornu, 853 
walls of, 852 
wall of inferior cornu of lateral ventricle, 854 
of nasal fossa, 1071 
of posterior cornu of lateral ventricle, 853 
zone, mixed, 771 
Layers of cortex of cerebellum, 791 
embryonal, of olfactory bulb, 845 
of Purkinje cells in cerebellar cortex, 791 
of spinal pia mater, 894 
of tympanie membrane, 1053 
Least splanchnie nerve, 1009 


| Lesser internal cutaneous nerve, 920 
| splanchnic nerve, 1009 
| (pupillary) zone, 1022 
Levator palpebræ superioris, 1035 
scapulæ, nerves to, 915 
Lienal piexus of nerves, 1016 
| Ligamenta denticulata, 884 
| Ligaments of auricle (of ear), 1051 
check, of eyeball, 1040 
coccygeal, 884 
denticulate, 893 
orbito-tarsal, 1038 — 
of ossicles of ear, 1055 
palpebral, 1019, 1046 
spiral, of cochlea, 1060 
suspensory, of eyeball, 1039 
| suspensory, of lens of eye, 1029 
| of Zinn, 1034 
Ligamentum denticulatum, 895 
pectinatum iridis, 1026 
Ligula (tenia ventriculi quarti), 779, 795 
Limbie lobe, 844, 845 
alveus, 847 
anterior cerebral commissure, 850 
corpus mammillare, 849 
fornix of, 847 
hippocampal commissure, 848 
parts of, 846 
pedunculo-mammillary fasciculus, 849 
septum pellucidum, 850 
thalamo-mammillary fasciculus (bundle 
of Vieq d’Azyr), 849 
Verga’s ventricle, 848 
| Limbs, cutaneous nerve-supply, 993 
| Limbus of cornea, 1025 
| | of tympanic membrane, 1053 
Limen of insula, 836, 844 
nasi, 1071 
| Limiting sulcus of floor of fourth ventricle, 796 
of Reil, 836 
Linea splendens, 895 
Lingual arteries, 1066 


branches of ninth ner qo 
981 S 
| of seventh (faciant, 977 
| follicles, 1064 
glands, 1064 
|  gyrus, 835, E) 
| nerve, 90 NC 
branc Wr 0 
CHEER IBY 
Crops 969 
apis? 1063 
xus of nerves, 1006 
ptum, 1064 
nsil, 1064 


o-pharyngeal), 


Left coronary plexus, 1013 Q veins, 1066 


phrenic nerve, 916 
vagus nerve, 982 
Leg, nerves of, 948 
Lemnisci of medulla oblonga 
decussation of, 786 
Lemniscus, 785, 797, 811, 812 K) 
accessory, of Bechterew, 86 
lateral, nucleus of, 807 
Length of cerebellum, 787, 
of medulla oblongata SOD 
of pons, 787 


of spinal cord, 75 
Lenticular nuclet 58, 857 


tic adate group of arteries, 880 
culo-thalamic group of arteries, 880 
alar (sesamoid) nasal cartilage, 1069 


Lingula cerebelli (lingula vermis), 789, 812 
Lissauer, marginal zone of, 769 


Qy » Lobe, central, 836 
ata, 799 NV 


frontal, 837 
inferior semilunar, of cerebellum, 789 
limbic, 844, 845 
occipital, 842 
olfactory, 844 
parietal, 777, 840 
quadrate, 842 
temporal, of cerebrum, 834 
uvular, of cerebellum, 791 
Lobes of brain, 777 
of cerebellum, 788 
. of telencephalon, 833 
Lobule of auricle of ear, 1050 
central, 789 
of cerebellum, 788 
inferior parietal, 841 
paracentral, 837, 842 
superior parietal, 841 


Lobulus gracilis anterior, 789 
posteri ior, 789 
Locus cæruleus of floor of fourth ventricle, 797 
Loewenthal's tract, 771 
Long buccal nerve, 969 
ciliary nerves, 966 
posterior ciliary arteries, 1031 
pudendal nerve, 946 
root of ciliary ganglion, 966 
subscapular nerve, 920 
Longitudinal bundle, posterior, 800 
fasciculus, inferior, 867 
medial, 800, 822 
superior, 867 
fibres of pons, 810 
fissure of cerebrum, 776, 830 
striz of corpus callosum, 831, 867 
of hippocampus, 847 
Longitudinalis inferior, 1066 
superior, 1066 
Longus capitis, nerves to, 916 
colli, nerves to, 916, 920 
Lower branch of superior gluteal nerve, 946 
eyelid, 1020 
limb, cutaneous areas of, 995 
subscapular nerve, 921 
two sacral nerves, posterior primary divisions, 
910 
Lumbar enlargement of spinal cord, 758 
nerves, 909, 935 
posterior primary divisions, 909 
plexus, 935 
p branches of, 936 
composition of nerves of, 935 
situation of, 936 
portion of spinal cord, 758 
A of sympathetie system, 1010 
branches, 1010 
communications, 1010 
: construction, 1011 
ganglia, 1010 
Lumbo-inguinal (crural) branch of genito- 
femoral nerve, 938 
Lumbo-saeral plexus, 905, 935 
trunk, 943 
Luys, body of, 861 
Lymph spaces of cornea, 1025, 1033 
; great, of central nervous system, 894 
§ of iris, 1033 
of optic nerve, 1040 
| supravaginal, of optic nerve, 1040 
Lymphatic system of eyeball, 1032 
of orbit, 1044 
vessels of eyelids, 1046 
Lymphatics of auricle (of ear), 1051 
of external acoustic (auditory) meatus, @ 


| of nose, 1070, 1073 
Lyra, hippocampal, 848 ey 
Macula acustica sacculi, 1058 
utriculi, 1058 
lutea (yellow spot), 1022 
Magendie, foramen of, 779, 79 


Malar branch of paxil aor e, 967 


of temporo-facia Nw, 978 
Malleolar folds of o Ne mucous membrane, 
1056 
ligaments c lés of ear, 1055 
prominer NE. membrane, 1052 
recesses e panie mucous membrane, 1056 
stria of &ympanie membrane, 1052 
Malleus*w4 
MaG anches, lateral, of thoracic nerves, 


NY of thoracic nerves, 933 
xus of nerves, internal, 1007 
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Mammillary bodies, 777, 823 
Mandibular branches of cervico-facial nerve, 
979 
nerve (third division of trigeminus), £68 
branches, 969 
course, 968 
formation of, 968 
relations, 969 
Marginal fasciculus, anterior, 771 
gyrus, 838 
mandibular branch of cervico-facial nerve, 
979 
portion of sulcus cinguli, 838 
zone of Lissauer, 769 
Margins of pons, 787 
Massa intermedia, 824 
Masses, tigroid, 751 
Masseterie nerve, 969 
Mastoid branch of great auricular nerve, 914 
of small occipital nerve, 913 
(posterior) wall of tympanic cavity, 1053 
Mater, dura, 882 
pia, 894 
Maxillary division of fifth nerve, 1044 
nerve (second division of trigeminus), 966 
branches, 967 
course, 966 
origin, 966 
plexus of nerves, external, 1006 
internal, 1006 
Meatus, external acoustic (auditory), 1051 
Meatuses, nasal, 1071 
Meckel’s caves, 889 
ganglion, 972 
Medial accessory olivary nucleus, 801 
antibrachial (internal) cutaneous nerve, 920 
aperture of fourth ventricle, 795 
brachial (lesser internal) cutaneous nerve 
(nerve of Wrisberg), 920 
branches of posterior primary divisions of 
lower six thorecic nerves, 908 
of lumbar nerag 
of sacral 1 
of secon¢ 
of spina 


egve-trunks, 905 
jurth, and fifth cervical 
908 

r six thoracic nerves, 908 


MEE -plantar cutaneous) nerve, 


9 4t 
L3 rve, inferior, 946 
Kep) en*poral nerve, 969 
dc cutaneous nerve, of leg, 954 


:minence of floor of fourth ventricle, 796 
CE Peniculate body, 814, 825 
lemniscus, 800, 812, 819, 820 
longitudinal fasciculus (posterior longitu- 
dinal bundle), 800, 822 
stria of corpus callosum, 831 
of hippocampus, 847 
mammary branches of thoracic nerves, 933 
nucleus of thalamus, 824, 860 
(Schwalbe’s) of vestibular nerve, 805 
olfactory gyrus, 845 
strie, 844 
plantar nerve, 949 
branches, 949 
course, 949 
origin, 949 
posterior superior nasal (septal) branches of 
spheno-palatine (Meckel’s) ganglion, 973 
sural cutaneous nerve, 949 
surface of cerebral hemisphere, 830 
wall of inferior cornu of lateral ventricle, 854 
of nasal fosse, 1070 
Median dorsal vein of spinal cord, 775 
fissure, of medulla oblongata, posterior, 785 
of spinal cord, anterior, 761 
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Median fissure of spinal cord, posterior, 761 
nerve, 926 
branches, 928 
course, 927 
origin, 926 
suleus of floor of fourth ventricle, 796 
triangle (spinal cord), 768 
Medulla oblongata, 778, 782 
aecessory olivary nuclei, 801 
antero-lateral suleus of, 783 
arcuate. fibres, 801 
arteries of, 881 
blood-vessels of, 881 
calamus scriptorius, 784 
central canal of, 802 
connections of cranial nerves, 803 
cerebello-olivary fibres, 801 
clavus, 785, 799 
corpus trapezoideum, 807 
cuneate tubercle of, 799 
decussation of lemnisci, 786 
dorsal aspect of, 784 
fillet of, 797 
foramen cecum, 782 
fossa rhomboidea, 786 
funiculus cuneatus, 785 
gracilis, 784 
inferior olivary nucleus, 783, 800 
internal arcuate fibres, 799 
structure of, 797 
lateral recesses, 786 
lemnisci, 797, 799 
length of, 782 
medial longitudinal fasciculus, 800 
median veins of, 881 
nuclei of acoustic nerve, 805 
of eranial nerves in, 803 
trapezoidei, 807 
of trigeminus nerve, 808 
nucleus of abducens nerve, 808 
of ala cinerea, 805 
arcuatus, 802 
of facial nerve, 808 
funieuli euneati, 799 
gracilis, 799 
of glosso-pharyngeus, 804 
of hypoglossal nerve, 803 
of spinal aecessory, 803 
of vagus or pneumogastrie, 804 
obex, 786 
posterior median fissure of, 785 
pyramids of, 782 
raphe of, 799 
restiform body, 784 
reticular formation of, 800 
solitary tract, 805 
substantia grisea centralis, 802 
tubereulum euneatum, 785 
veins of, 881 
ventral aspect of, 782 
weight of, 782 
spinalis, 756 
Medullary body of cerebellum 
lamina of lenticular nucleu: 
of thalamus, 860 


laminze of cerebellum, 7 
velum, anterior, 789 NG 95 
posterior, 790, Toy 


Medullated axones 
Medullation of NS spinal cord, order of, 
774 


Meibomian NN) 1020, 1046 
Meissner, p4exu$ 1016 

Membra: iprachorioidea, 1026 
Mem , Rowman’s, 1026 

; 026 

escemet, 1026 

oid, 1029 
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Membrane, mucous, of tongue, 1063 
pituitary or Schneiderian, 1072 
secondary tympanie, 1061 
Shrapnell’s, 1053 
tympanie, 1052 
mucous, 1055 
vestibular (membrane of Reissner), 1061 
Membranes of central nervous system, 882 
Membranous ampulle, 1059 
cochlea, 1059 
labyrinth, 1057 
nasal septum, 1070 
semicireular canals, 1059 
(lateral) wall of tympanic cavity, 1054 
Meningeal arteries, 890 
branch of maxillary nerve, middle (recurrent), 
967 
of ophthalmic nerve, recurrent, 964 
of spinal nerve-trunks (recurrent), 907 
of tenth nerve (recurrent), 984 
nerves, 891 
plexus of nerves, 1006 
veins, 891 
Meninges, 882 
great lymph-space of, 894 
relation to spinal nerves, 902 
Mental nerve, 971 
Mesencephalie root of fifth cranial (trigeminal) 
nerve, 964 
Mesencephalon, 753, 779, 814 
blood-vessels of, 880 
internal structure of, 816 
veins of, 880 
ventral surface of, 815 
Mesenterie ganglion, superior, 1015, 1016 
plexus of nerves, inferior, 1016 
superior, 1016 
Mesial root of optic tract, 829 
surface of diencephalon, 826 
of occipital lobe, 843 
Metathalamus (geniculate boc 
Meynert, fasciculus retroflex 
Mid-brain, 814 
Middle ear, 1052 
blood-vessels of, 


ies), 823, 825 
821, 861 


nerves of, 1( 


ossicles, 1 
impu Ay. 1053 
mere, 1052 
; 'e, 1007 
yM 1026 
ganglion of sympathetie, 1006 
branches, 1007 
communications, 1006 
situation, 1006 
clunial nerves, 910 
cutaneous nerve of thigh, 938 
frontal gyrus, 837 
sulcus, 837 
hemorrhoidal nerves, 956 
plexus of nerves, 1017 
(recurrent) meningeal branch of maxillary 
nerve, 967 
nasal meatus, 1071 
(external) palatine nerve, 974 
peduncle of cerebellum, 793 
portion of fourth ventricle, 795 
root zone, 767 
subscapular nerve, 920 
superior alveolar (dental) nerve, 968 
supra-clavicular branches of cervical plexus, , 
915 
temporal gyrus, 834 
sulcus, 835 
Mitral cells of olfactory bulb, 845 
Mixed lateral zone, 771 
nerve-trunk, 902 
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Molecular layer of cerebellar cortex, 791 | Nasal branches, external, of maxillary nerve, | 
Moll, glands of, 1046 968 E. 
Monro, foramina oi, 826, 851, 852 internal, of maxillary nerve, 968 
Monticulus of cerebellum, 788 cartilages, 1068 
Morphology. of spinal cord, external, 757 cavity, 1070 
Moss fibres of cerebellum, 792 | | fosse, 1070 
Motor fibres of ninth nerve (glosso-pharyngeal), glands, 1072 
982 mucous membrane (pituitary or Schneiderian | 
of tenth cranial nerve, 986 | membrane), 1072 
nerve of tongue, nucleus of, 803 | nerve, 966 
nerves of orbit, 1045 | nerves, posterior inferior, 974 
nuclei of trigeminus nerve, 810 | septum, cartilaginous, 1070 | 
root (portio minor) of fifth cranial (trigemi- | membranous, 1070 j 
nal) nerve, 808, 964 | osseous, 1070 
of seventh (facial) nerve, 975 | Naso-ciliary (nasal) nerve, 966, 1043 l 
of spheno-palatine (Meckel's) ganglion, 972 branches, 966 
of spinal nerves, 901 course, 966 
Movements of eye, 1037 Naso-lachrymal duct, 1048 
Mucous layer of tympanie membrane, 1053 Naso-palatine nerve, 973 i 
membrane, nasal, 1072 Naso-pharyngeal meatus, 1072 
of tongue, 1063 Neck, cutaneous areas of, 991 
tympanie, 1055 of dorsal horn of spinal cord, 762 f 
Müller, muscles of, 1035, 1038, 1046 Nerve, abducens, 778, 808, 974 ! 
Muscle, ciliary, 10: 26 accessory obturator, 943 i 
orbicularis, of eyelid, 1044 acoustic, 778, 1061 | 
superior tarsal, 1035 nuclei of, 805 
Muscles of auricle (of ear), 1051 anterior crural (femoral), 938 
Horner’s, 1046 ethmoidal, 966 \ 
innervated by third cranial nerve (oculo- superior alveolar (dental), 968 
motor), 961 tibial, 954 
longitudinalis inferior, 1066 of Arnold, 984 
superior, 1066 to articularis genu (subcrureus), 941 
Müller's, 1035, 1038, 1041 auriculo-temporal, 971 4 
of nose, 1070 axillary (circumflex), 921 
ocular, 1034 buccinator (long buccal), 969 
action, 1036 cervico-facial, 978 
: ; insertion, 1035 chorda tympani, 977 
origin, 1034 of clitoris, dorsal, 957 
of orbit, 1034 coecygeal, 910 
of ossicles of ear, 1055 . cochlear, 980 } 
recti, of eye, 1035 common peroneal, 9 
tarsal, 1046 of Cotunnius, 973 
of tongue, 1064 cutaneous perforati < igh, 946 
transversus linguæ, 1066 deep peroneal, 95 NN 
verticalis linguæ, 1066 | radial (posteric terosseous), 922 
Muscle-sheaths of orbital fasci ia, 1035 dorsal scapula, 
Muscular branches of deep peroneal (anterior | eighth cranial, W8, 979 
. tibial) nerve, 954 | of Eisle r coecygeal perforating, 946 
i of deep radial (posterior interosseous) elevent Qr 778, 986 


nerve, 923 C erior thoracic, 920 
of femoral (anterior crural) nerve, 938, 941 | hl, 952 


of intercostal nerves, 932 ral pterygoid muscle, 969 
of lateral plantar nerve, 952 (Sy respiratory, of Bell, 919 n 
of lumbar plexus, 936 «e 718, 808, 975 


of medial plantar nerve, 949 bres, 747 l 
of median nerve, 928 fifth cervical, 908 

of ninth nerve (glosso-pharyngeal), Rq | cranial, 778, 963 

of obturator nerve, 942 first cervical, 907 

of pudendal plexus, 956 cranial, 777, 959, 1073 

of radial (musculo-spiral) nerv Q | fourth cervical, 908 i 
of sacral plexus, 946 NN cranial, 777, 962 


of sciatic nerve, 948 frontal, 964, 1043 


of superficial peroneal (1 Muta |  furcal, 935 
nerve, 954 C ) genito-femoral (genito-crural), 937 
of thoraco-abdominal ne 933 glosso-pharyngeal, 778, 980 
of tibial nerve, 949 | great auricular, 913 
of twelfth nae (hypoglossus), 989 (anterior) palatine, 973 
Musculo-cutaneous Cy +924, 954 splanchnic, 1009 
Musculo-spiral ne superficial petrosal, 976 
Musculus cili w 1045 greater occipital, 908 | 
Mylo-hyoid Ite f inferior alveolar (dental) hypoglossal, 779, 987 | 
nerve, DN nucleus of, 803 
ilio-hypogastrie, 936 | 
ilio-inguinal, 936 4 
Nar cĦnial nerves, de | inferior alveolar (dental), 970 
67, 1070 | cardiac, 1007 | 
ES branches of anterior ethmoidal nerve, gluteal, 946 
or recurrent laryngeal, 985 
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Nerve, inferior medial clunial, 946 
infra-orbital, 966, 968 
infratrochlear, 966 
intercosto-brachial, 932 
intercosto-humeral, 952 
intermediate dorsal eutaneous, of leg, 954 
internal anterior thoracic, 920 
carotid, 1005 
popliteal, 948 
pter rygoid muscle, 969 
interosseous crural (Halbertsma), 949 
of Jacobson, 981 
jugular, 1006 
lachrymal, 965, 1044 
last thoracic, 933 
lateral antibrachial cutaneous, 924 
cutaneous, 938 
brachial, 921 
dorsal cutaneous, of foot, 953 
plantar, 951 
sural cutaneous, 952 
least splanchnic, 1009 
lesser internal cutaneous, 920 
splanchnic, 1009 
lingual, 969 
long pudendal, 946 
thoracic, 919 
lower subscapular, 921 
mandibular (third division of trigeminus), 
968 
masseteric, 969 
maxillary, 966 
medial antibrachial (internal) cutaneous, 920 
brachial cutaneous, 920 
dorsal cutaneous, of leg, 954 
plantar, 949 
sural cutaneous, 949 
median, 926 
mental, 971 
middle cardiac, 1007 
cutaneous, of thigh, 938, 939 
(external) palatine, 974 
superior alveolar (dental), 968 
musculo-cutaneous, 924, 954 
naso-ciliary (nasal), 966 
naso-palatine, 973 
ninth cranial, 778, 980 
obturator, 941 
to obturator internus, 946 
oculomotor or third, TUT 818, 961 
olfactory, 777, 959, 1073 
ophthalmie, 964 
optic, 777, 828, 959, 1040 
of penis, dorsal, 957 
pericardiac, 916 
perineal, 956 
phrenie, 916 
pneumogastric (vagus), 7 
to popliteus, 949 
posterior aurieular, 977 
belly of digastrie, 977 
femoral cutaneous, 945 
(small) palatine, 974 
to pronator teres, 928 
pudic, 956 
to quadratus femoris, € 


radial (musculo-spir: 
to rectus capitis à 
lateralis, NY 


to rectus fer 
recurrent SS of leg, 954 
eer NSS 


to rhomoidss 919 

saphe 941 

OR. ischiadicus), 947 
ie cor j 


> cervical, 908 
ys T, 828, 959, 1040 
enth er anial (facial), 778, 975 


Z, 923 
, 916 
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Nerve, sixth cranial, 778, 974 
small occipital, 912 
sciatic, 945 
superficial petrosal, 981 
smallest occipital, 908 
to soleus, 940 
spinal accessory, 778, 986 
nucleus of, 803 
spinous (recurrent), 969 
to stapedius muscle, 977 
to sterno-mastoid, 915 
to stylo-glossus, 989 
to stylo-hyoid, 977 
to subclavius, 919 
sublingual, 970 
sub-occipital, 907 
superficial cervical cutaneous, 914 
peroneal, 954 
radial, 923 
superior cervical cardiae, 1006 
gluteal, 946 
suprascapular, 919 
supra-orbital, 965, 1043 
supratrochlear, 1043 
sural (external or short saphenous), 952 
temporo-facial, 978 
tenth cranial, 718, 982 
third cervical, 908 
cranial, 777, 818, 916 
thoraco-dorsal (middle, or long) subscapular, 
920 
to thyreo-hyoid, 989 
tibial, 948 
communicating, 949 
transverse cervical, 914 
trigeminus, nuclei of, 808, 816 
trochlear or fourth, v 817,962 
twelfth cranial, 779, 987 
ulnar, 924 
collateral, 922 
upper (short) subscapular,4920 
to vastus intermedius ( us), 941 


medialis, 941 
lateralis, 941 oe 


vestibular, 979 


nuclei of, 80; 
Vidian, 973 
volar (ar e interosseous, 928 
of NS 0, 976 

Zygon% 44 


N er 


ganglionated, 1000 
rv 56 
'oustie or auditory, 979 
Q adductor magnus, 948 
to anconeus, 922 
ano-coccygeal, 957 
anterior labial, 937 
scrotal, 937 
of arm, 920 
of auricle of ear, 1051 
to biceps (thigh), 948 
forming brachial plexus, 917 
caleaneo-plantar cutaneous, 949 
cavernous, of penis, 1018 
cerebro-spinal, 747, 901 
cervical, 907, 911 
ciliary, of eyeball, 1030 
of clitoris, cavernous, 1018 
common plantar digital, 951, 952 
volar digital, of hand, 928 
cranial, 777, 957 
central connections of, 803 
nuclei in medulla oblongata, 803 
of cranial dura mater, 891 
cutaneous, of thigh, 938 
to diaphragm, 916 


deep temporal, 969 
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Nerves, dorsal digital, of foot, 953 
of hand, 924 
eighth cranial (acoustic or auditory), 778, 979 
eleventh cranial (spinal accessory), 778, 986 
of external acoustic (auditory) meatus, 1052 
external carotid, 1006 
of eyeball, 1024 
of eyelids, 1046 
facial, 778, 975 
of fingers, 928 
fifth pair of cranial, 777, 962 
first pair of cranial, 777, 959 
to flexor carpi radialis, 928 
ulnaris, 926 
digitorum longus, 949 
digitorum profundus, 926 
sublimis, 928 
hallucis longus, 949 
of foot, 949 
fourth pair of cranial, 778, 963 
to genio-glossus, 989 
to genio-hyoid, 989 
of hand, 924, 926, 928, 929 
to hyo-glossus, 989 
hypoglossal, 779, 987 
inferior cardiac, 985 
hemorrhoidal, 956 
vesical, 956, 1018 
of internal ear, 1061 
of iris, 1027 
lateral cutaneous, of abdomen, 933 
of leg, 948 
to levator scapule, 915 
lingual, 1066 
long ciliary, 966 
to longus capitis, 916 
colli, 916, 920 
lumbar, 909, 935 
of lumbar plexus, composition of, 935 
medial caleaneal, 949 
middle clunial, 910 
hzemorrhoidal, 956 
naso-ciliary, 1044 
ninth cranial (glosso-pharyngeal), 778, 980 
of nose, 1070, 1073 
oculomotor, 777, 961 
olfactory, 777, 959 
optic, 777, 828, 959, 1040 
of orbit, 1042, 1043 
to palmaris longus, 928 
phrenico-abdominal, 916 
of pia mater, 899 
to piriformis, 946 
posterior inferior nasal, 974 
scrotal (labial), 957 
superior alveolar (dental), 968 
thoracic, 919 
proper plantar digital, 952 
rudimentary coccygeal, 901 
sacral, 910, 944 


of sacral plexus, composition of, MO 


to scalene muscles, 915, 920 

second pair of cranial, 777 , 4 Q, 1040 
to semimembranosus, 948 

to semitendinosus, 948 

seventh pair of cranial,4&/8, 975 

short ciliary, 972, 10%. 


sixth pair of crania j, 974 
spinal, 901 Q 
roots of, 74% QW 
&CCessorv4 NN 
NS 
superior alveWar, 967 
aA 985 
"910 
'Woidal, 1016 


sical, 1017 


C 
he : 
e geal, 984 


Nerves, supra-acromial, 915 
supraclavicular, 915 
sympathetic, of orbit, 1044 
tenth cranial (vagus or pneumogastric), 778, 
982 
of thigh, 938 
third pair of cranial, 777, 961 
thoracic, 908, 931 
intercostal, 932 
thoraco-abdominal, 933 
branches of, 933 
to tibialis posterior, 949 
of toes, 950, 954 
to tongue, 1066 
to trapezius, 915 
trigeminal, 778, 963 
trochlear, 777, 815, 962 
twelfth cranial (hypoglossus), 779, 987 
of tympanic cavity, 1056 
vaginal, 956 
volar digital, of hand, 928 
Nerve-supply of blood-vessels of brain, 882 
cutaneous, of limbs, 993 
Nerve-trunk, mixed, 902 
Nerve-trunks, spinal, primary divisions of, 904 
Nervi cerebrales, 777 
Nervous cell element, 749 
coat of eye, 1028 
system, 747 ` 
central, 749, 756 
connective tissue of, 753 
development of, 753 
divisions of, 749 
general summary of some of the principal 
paths of the nervous system, 869 
peripheral, 749, 899 
sympathetie, 749 
unit of, 749 
Nervus intermedius, 808 
Neural crest, 753 
folds, 753 
groove, 753. 


plate, 753 A 

tube, 753 XO 
flexures of, 779 Q 
zones of, 779 


Neuraxis, 750 
Neuroblasts, 7 


VRNE Bi, Sa 1 
Neurogligem N 
Neurgm Q 
peee of, 750 
sy? of spinal cord, 766 


Suse: of cerebral path for cranial nerves ex- 
Q clusive of those of special sense, 871 
of cerebro-spinal path, 869 
Ninth pair of cranial nerves (glosso-pharyn- 
geal), 778, 980 
branches, 981 
central connections, 982 
course, 980 
ganglia, 980 
origin, 980 
thoracic ganglia, 1008 
Nissl bodies, 751 
Nodule of cerebellum, 791 
Non-medullated axones, 751 
Nose, 1067 
alee of, 1067 
arteries of, 1070, 1073 
cartilages of, 1068 
cartilaginous septum, 1069 
conche of, 1071 
development of, 1074 
external, general description of, 1067 
fossee of, 1070 
framework of, 1067 
glands of, 1072 
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Nose, lymphatics of, 1070, 1073 
meatuses of, 1071 
mucous membrane of, 1072 
muscles of, 1070 
nares of, 1070 
nerves of, 1070, 1073 
olfactory glands, 1072 
organ of, 1072 
region of, 1072 
respiratory region of, 1072 , 
septum of, 1070 
sinuses connecting with, 1072 
skin of, 1070 
veins of, 1070, 1075 
vestibule of, 1071 
vibriss:e of, 1070 
Notch of cerebellum, 788 
preoccipital, 840 
temporal, 847 
tentorial, 888 
Nuclei, accessory olivary, 801 
of acoustic nerve, 805 
of cerebellum, 787, 792 
of cochlear nerve, 806 
of cranial nerves in medulla oblongata, 803 
of origin in medulla oblongata, 803 
of trochlear and oculomotor nerves, 814 
of pontis, 793, 813 
red, 821 
of sixth nerve, 974 
termination in medulla oblongata, 803 
of thalamus, 824, 860 
of third pair of cranial nerves (oculo-motor 
nerves), 961 
trapezoidei, 807 
of trigeminus nerve, 808 
Nucleus of abducens nerve, 808 
of the ala cinerea, 806 
ambiguus, 805 
amygdalæ, 858 
amygdaloid, of lateral ventricle, 854 
arcuatus, 802 
caudate, 835, 857 
Deiters’, 771 
dentate, of cerebellum, 792 
dorsal efferent, 805 
dorsalis (Clarke’s column), 762, 770 
of Edinger and Westphal, 818 
emboliformis, of cerebellum, 792 
of facial nerve, 808 
fastigii (roof nucleus) of cerebellum, 792 
funiculi cuneati (nucleus of Burdach’s col- 
umn), 785, 799 
gracilis (nucleus of 
799 
globosus of cerebellum, 792 
of glosso- phi uryngeus, 804 
h abenular, 861 
of hy boglossal nerve, 803 
hypothalamic, 861 


ineertus of floor of fourth ventri NY 


of inferior colliculus, 819 
@ 800 


olivary, of medulla oblonggr®, 
intercalatus, 796 A ) 
of lateral lemniscus, 807, 82 
of lens of eye, 1029 O 


lenticular, 856 

lentiformis, 857 

medialis of third nerve, 961 

of mesencephg NQN oi of trigeminus nerve, 
810, NN 


of DS nerve, 818 


cogneeMons of, 819 
»rmedia, 808 


Goll’s column). 785, 
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Nucleus, Stilling’s, 762 

of superior colliculus, 821 
olivary, 807 

of trochlear or fourth nerve, 817 
of vagus or pneumogastric, 804 
vestibularis, 805 

Nuhn, glands of, 1064 

Numbers of cranial nerves, 957 


(0) 


Obex, 786, 795 
Oblique fasciculus, 787 
muscle of eye, inferior, 
superior, 1035 
Obliquus muscle of auricle (of ear), 1051 
Obturator internus, nerve to, 946 
nerve, 941 
accessory, 943 
branches, 942 
course, 941 
origin, 941 
Occipital border, internal, 830 
branch of posterior auricular nerve, 977 
of small occipital nerve, 913 
gyri, lateral, 832 
lobe, 842 
calearine fissure, 843 
collateral fissure, 843 
cuneus, 843 
fusiform gyrus 
volution), 843 
lateral gyri, 843 
lateral suleus of, 843 
lingual gyrus, 843 
oarieto-occipital fissure, 843 
sulci eunei, 843 
superior gyri, 843 
surfaces of, 842 
transverse sulcus, 842 
nerve, greater, 908 
small, 912 
smallest, 908 
peduncle of thalamus 
pole, 830 
portion of inter 


863 
OMEN, iculus, 868 
Oceipito-mesMp ialic path (Flechsig's second- 
ary opti IWrtion), 866 


Occipy ral association centre, 869 
col @ io 
O 1 € 


1036 


> 


(occipito-temporal con- 


osule (telencephalon), 


, 843 
pi ialamie (optic) radiation, 864 
ar conjunctiva, 1021 


Cy scles, 1034 
omotor nerves, 777, 818, 961 


emergence of, 816 

sulcus, 816 

(Esophageal branches of tenth cranial nerve, 
986 

of thoracie ganglia, 1009 

plexuses, 982, 983 

Olfactory apparatus, conduction paths of, 876 

area of cerebral cortex, 869 

brain, 844 

bulb, 777, 844 
development of, 845 
embryonal layers of, 845 
glomerular layer, 845 
mitral cells of, 845 

olfactory layer of, 845 

glands, 1072 

gyrus, lateral, 844 
medial, 845 

layer of olfactory bulb, 845 

lobe, 844 
anterior perforated substance, 845 
olfactory bulb, 844 
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Olfactory lobe, olfactory tract, 844 
trigone, 844 
paroltactory area, 845 
subeallosal gyrus, 845 
nerve, 777, 959, 1073 
central connections, 959 
origin, 959 
termination, 959 
nerve-fibres, 959 
organ, 1072 
region of nose, 1072 
stria, intermediate, 845 
strie, 777, 844 
sulcus, 777 
tract, 777, 844, 868 
development of, 754, 845 
trigone, 777, 844 
tubercle, 777 
ventricle, 845 
Olivary fasciculus, 770 
nuclei, accessory, 801 
inferior, 783, 800 
superior, 808 
Olives of medulla oblongata, 778 
Opening of maxillary sinus in middle nasal | 
meatus, 1071 | 
of naso-lachrymal (nasal) duct in inferior nasal 
meatus, 1071 
Opereula of insula, 836 
Opercular portion of inferior frontal gyrus, 838 
Operculum proper, 836 
temporal, 834 
Ophthalmie artery, 1042 
division of fifth nerve, 1043 
nerve, 964 
branches, 964 
course, 964 
origin, 964 
veins, 1043 
Optic apparatus, conduction paths of, 875 
chiasm, 777, 826, 827, 828 
cup, 1028 
disk, 1022 
nerve, 777, 828, 959, 1040 
blood-vessels, 1042 
central connections, 961 
development, 753 
fibres, 959 
lamina cribrosa of, 1041 
lymph-spaces, 1040 
origin, 959 
portions, 960 
sheaths, 961, 1040 
papilla, 1022 
portion of hypothalamus, 826 
radiation, 864 
Flechsig's secondary, 866 
recess, 827 
tracts, 777, 849 
vesicle, secondary, 1028 
Optic-acoustic reflex path, 772, NS 
Orbicularis ciliaris, 1026 
palpebrarum, 1044 O 
Orbit, blood-vessels of, 101 ) 
fasciæ of, 1037 
lymphatic system of, 6) 
muscle of, 1034 NC 
nerves of, 1042, 1 


sympathetic nepret, 1044 
Orbital area, NS 
border, i NN 30 
branch ofwoglary nerve, 967 
pheno-palatine (Meckel's) gan- 


branches of & 
gli 73 | 
NN 33 | 


yriw932, 838 | 
"us, anterior, 838 | 
xternal, 838 | 


dua 
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Orbital gyrus, internal, 838 
posterior, 838 
muscle of Müller, 1038 
operculum, 836 
periosteum, 1037 
portion of inferior frontal gyrus, 838 
sulci, 838 
Orbito-tarsal ligament, 1038 
Order of medullation of the fasciculi of spinal 
cord, 744 
Organ, auditory, 1049 
gustatory, 1064 
of Jacobson, 1070 
olfactory, 1072 
of smell, 1067 
spiral (organ of Corti), 1060 
of taste, 1062 
Organs of special sense, 1019 
Origin of accessory obturator nerve, 943 
of ano-coccygeal nerves, 957 
of axillary nerve, 921 
of cochlear nerve, 980 
of chorda tympani, 977 
of common  peroneal (external popliteal) 
nerve, 952 
of deep peroneal (anterior tibial) nerve, 954 
of deep radial (posterior interosseous) nerve, 
922 
of eighth nerve (acoustic or auditory), 979 
of eleventh cranial nerve (spinal accessory), 
986 
of external carotid nerves, 1006 
of facial (seventh) nerve, 975 
of femoral (anterior erural) nerve, 938 
of fifth cranial (trigeminal) nerve, 963 
of first cranial (olfactory) nerve, 959 ` 
of fourth pair of cranial (trochlear) nerves, 
962 
of genito-femoral (genito-crural) nerve, 937 
of glosso-pharyngeal (ninth) nerve, 980 
of great auricular nerve, 913 
splanchnic nerve, 10 
of gyri, 832 


; 936 

r (dental) nerve, 970 
, 1007 

cle of eye, 1034 


of inferior alafe 


cardiac Y 
obliq Q 

of int Mearotid nerve, 1005 

Ofer KY cutaneous nerve, 938 

CY r nerve, 951 

oNiesfSt splanchnic nerve, 1009 

Kor lemnisci (fillet), 798 

lesser splanchnic nerve, 1009 

of levator palpebre superioris, 1034 

of maxillary nerve, 966 

of medial plantar nerve, 949 

of median nerve, 926 

of middle cardiac nerve, 1007 

of musculo-cutaneous nerve, 924 

of ninth nerve (glosso-pharyngeal), 980 

of obturator nerve, 941 

of ocular muscles, 1034 

of olfactory nerves, 959 

of ophthalmic nerve, 964 

of optic nerve, 959 

of perineal nerve, 956 

of posterior femoral cutaneous (small sciatic) 
nerve, 945 

of radial (musculo-spiral) nerve, 922 

of recti muscles of eye, 1034 

of sciatic nerve, 947 

of second cranial (optic) nerve, 959 

of seventh cranial (facial) nerve, 975 

ofsixth pair of cranial nerves (abducens), 
974 

of small occipital nerve, 912 


l 
i 
j 
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Origin of spinal accessory (eleventh) nerve, 986 
of spinal nerves, 901 
of sulci, 832 
of superficial cervical cutaneous nerve, 914 
peroneal (musculo-cutaneous) nerve, 954 
radial nerve, 923 
of superior cardiae nerve, 1006 
laryngeal nerve, 984 
oblique muscle of eye, 1034 
of sural (external or short saphenous) nerve, 
952 
of sympathetic system, 998 
of tenth nerve (vagus or pneumogastric), 982 
of third pair of cranial nerves (oculo-motor 
nerves), 961 
of thoracic nerves, 931 
of tibial nerve, 948 
of trochlear (fourth) nerve, 962 
of twelfth cranial nerve (hypoglossus), 987 
of ulnar nerve, 924 
Osseous labyrinth, 1057 
part of tuba auditiva (Eustachian tube), 1057 
portion of external acoustic (auditory) 
meatus, 1051 
Ossicles of ear, 1054 
articulations, 1054 
ligaments, 1055 
muscles, 1055 
Otie (Arnold’s) ganglion, 974 
branches, 974 
roots, 974 
situation, 974 
Otoconia (otoliths), 1059 
Otocyst, 1061 
Outer canthus, 1019 
cord of brachial plexus, 917 
fibrous coat of eye, 1025 
palpebral ligament (raphe), 1046 
surface of cranial arachnoid, 891 
dura mater, 885 
pia mater, 896 
Oval bundle, 767 
Ovarian plexuses of nerves, 1015 


P 


Pacchioni, foramen ovale of, 888 
Paechionian bodies (arachnoid granulations), 
892 
Paired subordinate plexuses, 1015 
Pairs of cerebellar peduncles, 792 
of cerebro-spinal nerves 901 
of cranial nerves, 959 
of spinal nerves, ‘901 
Palatine nerve, great (anterior), 973 
middle (external), 974 
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Parietal lobe, 777, 840 
| angular gyrus, 842 
| interior parietal lobule, 841 
postcentral sulcus, 840 
interparietal sulcus (intraparietal), 840 
paracentral lobule, 842 
parieto-occipital arch, 841 
postcentral sulcus, 840 
posterior central gyrus (ascending parietal), 
| 840 
post-parietal gyrus, 842 
preecuneus, 842 
preoccipital notch, 840 
superior postcentral sulcus, 840 
supramarginal gyrus, 841 
lobule inferior, 841 
(gyrus), superior, 841 
peduncle of thalamus, 861 
Parieto-occipital arch, 841 
fissure, 843 
Parolfactory area (Broca’s area), 845 
sulci, 845 
| Parotid branches of auriculo-temporal nerve, 971 
| plexus (pes anserinus), 978 
Pars ciliaris retine, 1028 
flaccida (Shrapnell's membrane), 1053 
intermedia, 976 
(nervus intermedius), nucleus of, 808 
tensa, 1053 
Partitions of spinal arachnoid, 893 
Parts of pons, 810 
Patellar plexus, 938 
Paths, auditory conduction, 874 
cerebral, for eranial nerves exclusive of those 
of special sense, 871 
cerebro-spinal, 869 
conduction, involving cerebellum, 871 
of olfactory apparatus, 876 
of optic apparatus, 875 
frontal pontile (Arnold’s bundle), 814, 866 
occipito-mesencephalic, 866 4 
optic acoustic reflex, 772 
short reflex, of cranial 
of spinal cord, short 869 
temporal pontile (Ti 
| Peduncle of corpusak: 
| of flocculus, 79 


inferior cere ¥778 
superior c ar, 812 
of super. re, 807 


erebellum, 778- 792, 812 
min’, 777, 815 


pan 


Peħncular arteries, 880 
ct, transverse, 816 
uneuli conarii, 826 


posterior (small), 974 GyPedunculo-mammillary fasciculus, 849 


Pallium of cerebral hemisphere, 832 
Palmar cutaneous branch of median nery 
of ulnar nerve, 926 NZ 
Palmaris longus, nerves to, 928 
Palpebral aperture, 1019 
branches of infratrochlear ne 
inferior, of maxillary nerv 
conjunctiva, 1020, 1046 


fascia, 1038 NO 


fold, inferior, 1020 
superior, 1020 
ligaments, 1019, 


Papilla, um 

optie, 1022 SS 
Papillæ of ton; 063 
Parae central N e, 837, 842 
3, 834 


shlcus, 837 
idal fissure of cerebellum, 790 


Pelvic plexuses of nerves, 1016 
splanchnies, 1011 
Penis, cavernous nerves of, 1018 
dorsal nerve of, 957 
Perforated substance, anterior, 827, 845 
posterior, 815, 823 
Perforating cutaneous nerve of thigh, 946 
nerve of Eisler, greater coccygeal, 946 
Perieardiae branch of phrenic nerve, 916 
Pericardial branches of tenth cranial nerve, 986 
Perilymph, 1057 
Perilymphatie duct of membranous labyrinth, 
1061 
spaces of membranous labyrinth, 1059 
Perineal branches of posterior femoral cutaneous 
nerve, 946 
of pudendal plexus, 956 
nerve, 956 
branches, 956 
course, 956 
origin, 956 


Periorbita, 1037 
Periosteum, orbital, 1037 
Peripheral arteries of medulla oblongata, 881 
branches of thoracic ganglia, 1009 
fibres of vestibular ganglion, 980 
nervous system, 749, 899 
Peroneal nerve, common, 952 
deep, 954 
superficial, 954 
Pes anserinus, 978 
hippocampi, 855 
pedunculi, 821 
Petit, canal of, 1029 
Petrosal nerve, external superficial, 1006 
great superficial, 976 
small superficial, 981 
Petrous ganglion, 981 
Pharyngeal “branches of ninth nerve (glosso- 
pharyngeal), 981 
of tenth cranial nerve, 984 
groove, 1057 
ostium of tuba auditiva, 1057 
plexus of nerves, 1006 
Phrenic communicating branch of brachial 
plexus, 919 
ganglion, 1015 
nerve, 916 
abnormal course of, 919 
branches of, 916 
left, 916 
right, 916 
(diaphragmatic) plexuses of nerves, 1015 
Phrenico-abdominal branches of phrenic nerve, 
916 
Physiological investigation of fasciculi of 
spinal cord, 966 
Pia mater, 894 
cranial, 895 
nerves of, 899 
spinal, 751, 894 
Pial sheath of optic nerve, 1040 
Pigment of iris, 1027 
retinal, 1028 
Pillars of fornix, anterior, 849 
posterior, 847 
Pineal body, 779, 814, 824 
Pinna, 1049 
eutaneous areas of, 991 
Piriformis, nerves to, 946 
Pituitary body, 828 


nerve, 950 
proper, 952 
chorioid, of fourth ventricle, PN 
of lateral ventricle, 854,4 
abdominal X 


digital branches, proper, of medial plantar 
nerve lateral, 951 
of third ventricle, 898 
anterior gastr 
pulmonan 1 Q 
of Auer N 1o 


membrane, 1072 
nerve, 950 
medial, 949 y 
chorioidea, 779 
brachidW, ROS, 917 


Plantar cutaneous branches of medial plantar 
nerves, common, 951, 952 
Plate, neural, 753 
Plexus, cavernous, of nasal conch ANM 
myentericus ( EA ojeAuerbach), 1016 
of nerves, lof 
cardiac, 


"A, 905, 911 
ficial branches of, 912 


of clitoris, cavernous, 1018 
occygeal, 957 
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Plexus of nerves, cceliac, 1013, 1015 
common earotid, 1006 
external maxillary, 1006 
femoral, 1015 
hepatic, 1016 
iliac, 1015 
inferior dental, 971 
gastric, 1015 
mesenteric, 1016 
thyreoid, 1007 
infra-orbital, 966, 968 
internal carotid, 1005 
mammary, 1007 
maxillary, 1006 
lingual, 1006 
lumbar, 935 
lumbo-sacral, 905, 935 
of Meissner, 1016 
meningeal, 1006 
middle hemorrhoidal, 1017 
parotid, 978 
patellar, 938 
of penis, cavernous, 1018 
pharyngeal, 1006 
popliteal, 1015 
posterior cervical, of Cruveilhier, 908 
gastric, 986 
pulmonary, 982, 983, 986 
prostatic, 1018 
pudendal, 956 
sacral, 944 
splenic (lienal), 1016 
subsartorial, 941 
subtrapezial, 915 
superior dental, 968 
gastric (coronary), 1015 
hemorrhoidal, 1016 
mesenteric, 1016 
thyreoid, 1006 
tympanic, 981 
utero-vaginalis, 1018 
vertebral, 1007 
submucosus TIS issner), 1016 
Plexuses of nerves, MON <r , 935 
coronary, 1013 D, 
deferential, Š 
great prew 
hypogag i 
cesoy 


OV: : 
subordinate, 1015 
5 1016 


enic (diaphragmatic), 1015 


x prevertebral, 1000 
a renal, 1015 


spermatic, 1015 
suprarenal, 1015 
unpaired subordinate, 1015 
venous, of nose, 1073 
Plica incudis, 1056 
lachrymalis (Hasneri), 1071 
semilunaris, 1020 
Plicæ of tympanic membrane, 1052 
Pneumogastric nerve, 778, 982 
nucleus of, 804 | 
Point, Sylvian, 835 
Poles of brain, 776 
of cerebral hemispheres, 830 
of lens of eye, 1028 i 
of eyeball, 1023 
Pons (Varolii), 777, 786, 810 
arteries of, 880 
basilar suleus of, 787 
blood-vessels of, 880 
brachia conjunctiva (superior cerebellar 
peduncles), 812 
dorsal surface of, 787 


fibres of, 800, 810 
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Pons (Varolii), grey substance of, 813 
internal structure of, 797, 810 
lemniscus (fillet) in, 811 
length of, 787 
margins of, 787 
oblique fasciculus, 787 
parts of, 810 
proper, 813 
pyramidal fasciculi of, 810 
restiform body, 811 
reticular formation of, 800 
size of, 786 
sulci of, 787 
tegmentum of, 810 
veins of, 881 

Pontile path, frontal, 814, 866 
temporal (Türk's bundle), 814, 866 

Pontine arteries, 880 

flexure of neural tube, 779 
sulci, 787 
Popliteal nerve, external, 952 
internal, 948 
plexus of nerves, 1015 
Popliteus, nerve to, 949 
Portio major, 808, 964 
minor, 808, 964 
Portions of anterior pillars of fornix, 849 
of brachial plexus, 919 
of cardiac plexus, 1013 
of eleventh cranial (spinal accessory) nerve, 
986 
of inferior frontal gyrus, 838 
of floor of fourth ventricle, 795 
of fourth ventricle, 795 
of internal capsule (telencephalon), 863 
of mandibular nerves, 969 
of optic nerve, 960 
of rhinencephalon, 844 
of spinal cord, 758 
of sulcus cinguli (calloso-marginal fissure), 
838 
of athene TOWER 1003 

Postcentral sulcus, inferior, 840 

superior, 840 


Posterior ampullar branch of vestibular gan- | 
tæ} 


glion, 980 
auricular nerve, 977 
sulcus, 1050 


brachial (internal) cutaneous branch of | 


radial nerve, 922 
branch of internal cutaneous nerve of thigh, 
941 
of lateral cutaneous nerve, 938 
of medial antibrachial (internal) cutaneous 


nerve, 920 
of obturator nerve, 942 
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Posterior elastie lamina of cornea (membrane 
of Descemet), 1026 
ethmoidal (spheno-ethmoidal) branch of naso- 
ciliary (nasal) nerve, 966 
femoral cutaneous (small sciatic) nerve, 945 
branches, 946 
course, 945 
origin, 945 
funiculus of spinal cord, 761, 767 
gastric plexus, 986 
hemisphere of eyeball, 1024 
inferior nasal nerves, 974 
interosseous (deep radial) nerve, 922 
ligament of auricle (of ear), 1051 
longitudinal bundle, 800 
fasciculus, 822 
lymph spaces of eyeball, 1033 
median fissure of medulla oblongata, 785 
(suleus) of spinal cord, 761 
medullary velum, 790, 795 
nucleus of thalamus, 824 
cesophageal plexus, 982 
orbital gyrus, 838 
(small) palatine nerve, 974 
parolfactory suleus, 845 
perforated substance, 777, 815, 823 
pillars (erura) of fornix, 847 
pole of eyeball, 1023 
portion of mandibular nerve, 969 
primary division (ramus posterior) of spinal 
nerve-trunk, 904, 907 
pulmonary plexus, 982, 983, 986 
ramus of fissure of Sylvius, 835 
recess of interpeduncular fossa, 815 
scrotal (labial) nerves, 957 
semilunar fissure of cerebellum, 788 
lobe of cerebellum, 788 
spinal arteries, 775 
superior alveolar (dental) nerves, 968 
supra-clavicular branches of cervical plexus, 
915 


terminal branch of ] l] antibrachial 
cutaneous nerve, 92 < 
thoracic nerves, 919 kN 

white commissure of Qn cord, 762 
Postero-inferior SN ebellum, 789 


Postero-intermedi sulcus of spinal cord, 761 


Postero-lateral sal or ganglionic arteries, 
880 
sulcus of em cord, 761 


(3 central or ganglionie arteries, 


| Pogteré erior lobe of cerebellum, 788 
PoMimbic fissure, 842 


Cy dular fissure of cerebellum, 791 
-parietal gyrus, 842 


of right phrenic nerve, 916 Post-pyramidal fissure of cerebellum, 790 
of spheno-palatine (Meckel’s) 


spheno-palati Meckel’s) gangli | 
974 
bronchial (pulmonary) branches 


central gyrus (ascending parietal) 


vein of spinal cord, 775 
cerebellar notch, 788 
cervical plexus of Cruv mu d 


ciliary arteries, long, 103 
short, 1031 N 
commissure of cereby 15 


cord of brachial p 018 
(left) coronary QN 1013 
cornu of late NN ricle, 853 
bulb NS 
hippocampus minor of, 854 
i wall, 854 
cun gual gyrus, 843 
catan s branch of ulnar nerve, 926 
temporal nerve, 969 
ons of lumbar nerves, 936 


O 
cranial nerve, 986 \ 


NV 


NS 


ouch of Prussak, 1056 
Pouches of Tróltsch, 1056 
Preecuneus (quadrate lobe), 842 
Precentral gyri, 837 
sulcus, 837 
Préoccipital notch, 840 
Prepyramidal fissure of cerebellum, 790 
Prevertebral plexuses, 1000, 1011 
Primary divisions of spinal nerve-trunk, 904 
anterior, 910 
posterior, 907 
vesicles, 753 
Processes, 750 
ciliary, 1026 
of neurones, cellifugal, 750 
cellipetal, 750 
Projection fibres of white substance of telen- 
cephalon, 863 
Pronator teres, nerve to, 928 
Proper plantar digital branches of medial plan- 
tar nerve, 950 
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Proper plantar digital nerves, 952 
volar digital branch of ulnar nerve, 926 
nerves of hand, 928 
Prosencephalon (fore-brain), 823 
external features of, 823 
internal structure of, 856 
Prostatie plexus of nerves, 1018 
Prussak, pouch of, 1056 
Ps salterium, hippocampal, 848 
Pudendal nerve, long, 946 
plexus, 956 
nerves forming, 956 
Pudie nerve, 956 
Pulmonary branches of tenth cranial nerve, 985 
of thoracic ganglion, 1009 
plexus anterior, 986 
posterior, 982, 983, 986 
Pulvinar of cerebrum, 824, 859 
Puncta lachrymalia, 1020, 1047 
Pupil, 1021 
Pupillary zone, 1022 
Purkinje cells, 791 
Putamen, 857 
Pyramid of vermis, 790 
Pyramidal fasciculi, 865 
of pons, 810 
fibres to nuclei of origin of motor cranial 
nerves, 865 
tract, anterior or direct, 771 
crossed, 769 
Pyramids of medulla oblongata, 769, 778, 782 
decussation of, 797, 782 
structure of, 797 


Q 


Quadrangular lobe of cerebellum, 788 
Quadrate lobe, 842 
Quadratus femoris, nerve to, 946 
Quadrigeminate arteries, 880 
body, inferior, 819 
superior, 807, 821 


R 
Radial (musculo-spiral) nerve, 922 
branches, 922 
course, 922 
origin, 922 
deep, 922 
superficial, 923 
Radiate fibrous layer of tympanic membrane, 
1053 
Radiation of corpus callosum, 831, 866 
Flechsig’s secondary optic, 866 
occipito- -thalamic (optic ), 864 
Radicular veins, 775, 882 Q 
Rami communicantes, 906, 1001 


of lumbar portion of MEN ju, 
1010 

of sacral portion of MSN Sy CES 
1010 

of thoracic portion of sfmpgWetic system, 


1008 


of fissure of Sylvius, 
isthmi faucium, 976 © 
linguales, 989 AX 
of nerves, 756 


of pres S, 840 
Ramus ANN 

colli, 97€ NS 

ES ON 904 


of ipie CERRI sulcus, 840 
inges, 904 
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Range of variation in composition of nerves of 
lumbar plexus, 935 
of pudendal plexus, 956 
of sacral plexus, 944 
Raphe of medulla oblongata, 799 
outer palpebral, 1046 
Recess, epitympanie, 1053 
infundibular, 827 
optic, 827 
spheno-ethmoidal, 1071 
suprapineal, 826 
Recesses of interpeduncular fossa, 815 
lateral, of fourth ventricle, 795 
of tympanie mucous membrane, 1056 
Rectum, nerves of, 956 
Rectus capitis anterior, nerve to, 915 
lateralis, nerve to, 916 
femoris, nerve to, 941 
Recurrent articular nerve, of leg, 954 
branch of spinal nerve- trunks, 904, 907 
of tenth nerve, 984 
laryngeal nerve (inferior), 985 
meningeal branch of maxillary nerve, 967 
of. ophthalmie nerve, 964 
sensibility, nerves causing, 907 
Red nuclei, 793, 821 
Reflex she ce 767 
ares, 767 
fundus oculi, 1022 
path, optic acoustic, 772, 820, 822 
Regions of nose, 1072 
Reid’s table of topography of attachment of 
spinal nerves, 903 
Reil, island of, 777 
circular sulcus of, 836 _ 
Reissner, membrane of, 1061 
Relations of brachial plexus, 918 
of brain to walls of cranial cavity, 876 
of cervical and thoracic nerves to branches 
of brachial plexus, 930 
of external acoustic (auditory) meatus, 1051 
of lingual nerve, 969 
es to branches of 


of lumbar and sacralfn ; ranches 
lumbar and sacr exases and to pudic 


nerve, 955 
cox 969 


of mandibular 
of muscles o wer extremity to nerves of 


lumbgwiad Sacral plexuses, 955 
of uj Ce) tremity to ce rvical nerves, 930 
of sping 'es to meninges, 902 
of Tekos capsule to oblique muscles, 1040 
Re we of roots of spinal nerves, 902 


inal nerves, 934 
enal branches of tenth cranial nerve, 986 
ranglia, 1015 


Q plexuses of nerves, 1015 
tespiratory nerve of Bell, external, 919 


region of nose, 1072 
Restiform body, 778, 784 
fibres of, 812 
in medulla oblongata, 793 
in pons, 811 
Reticular formation of medulla oblongata, 800 
of pons, 800 
of spinal cord, 763 
Retina, proper, 1028 
Retinal arteries, 1031 
pigment, 1028 
vein, 1031 
Retrotonsillar fissure of cerebellum, 790 
Retzius, area postrema, 796 
Rhinencephalon, 832, 844 
alveolus of limbic lobe, 847 
anterior cerebral commissure in, 850 
perforated substance, 845 
corpus mammillare of limbic lobe, 849 
fifth ventricle (cavity of septum pellucidum), 
850 


! 
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Rhinencephalon, fissura serotina, 845 
fornix of limbic lobe, 847 
gyrus cinguli (cingulum), 846 
fornicatus, 846 
hippocampal commissure, 848 
hippocampus major, 847 
minor (calcar avis), 847 
lateral olfactory gyrus, 844 
limbic lobe, 844, 845 
medial olfactory gyrus, 845 
olfactory bulb, 844 
lobe, 844 
stris, 844 
tract, 844 
trigone, 844 
ventricle, 845 
parolfactory area (Broca's area), 845 
sulei, 845 
peduneulo-mammillary fasciculus, 849 
portions of, 844 
septum pellucidum, 850 
subeallosal gyrus (peduncle of corpus cal- 
losum), 845 
thalamo-mammillary fasciculus (bundle of 
Vieq d'Azyr), 849 
Verga’s ventricle, 848 
Rhombencephalon, 753, 779, 782 
Rhomboid fossa, 779 
muscles, nerves to, 919 
Right coronary plexus, 1013 
phrenic nerve, 916 
posterior pulmonary plexus, 982 
vagus nerve, 982 
Rolandie angle, 839 
Rolando, fissure of, 837, 839 
gelatinous substance of, 762 
Roof of anterior portion of fourth ventricle, 794 
of inferior cornu of lateral ventricle, 854 
portion of fourth ventricle, 795 
of middle portion of fourth ventricle, 795 
nucleus of cerebellum, 792 
of posterior cornu of lateral ventricle, 853 
Root of ciliary ganglion, long, 966 
filaments of spinal nerves, 761 
of nose, 1067 
short, of ciliary ganglion, 962 
zone, anterior, of posterior column, 768 
middle, 767 
septomarginal, 767 
Roots of Arnold’s or otic ganglion, 974 
of ciliary ganglion, 972 
of fifth cranial (trigeminal) nerves, 808, 964 
of optic tracts, 829 
of seventh or facial nerve, 975 
of spheno-palatine (Meckel’s) ganglion, 972 
of spinal nerves, 747, 758, 901 
relative size of, 902 
of submaxillary ganglion, 974 


Rostral lamina-of corpus callosum, 831 S1 


sulci, 838 


Rostrum of corpus callosum, MEE 


iotation of cornea, 1037 


of eye, principal axes of, 1C (C) 
Rudimentary coccygeal ney 


WO 
Sac, conjunctival, 19 


endolymphatic 1 053 


lachrymal, EN 
Saccular ANS vestibular ganglion, 980 


Saccule of anous labyrinth, 1058 
Sacral nerv 10, 944 
plexus, 944 
nes of, 945 
sition of nerves of, 944 
sMuation of, 944 
ortion of spinal cord, 758 


Sacral portion of sympathetic system, 1010 
branches, 1010 ` 
construction, 1011 
ganglia, 1010 
Sagittal axis of eyeball, 1023 
Santorini, incisures of, 1051 
Saphenous nerve, 941 
Scala media, 1059 
tympani, 1061 
vestibuli, 1061 
Scalene muscles, nerves of, 915, 920 
Scalp, cutaneous areas of, 989 
Scapha of auricle of ear, 1050 
eminence of, 1050 
Scapular nerve, dorsal, 919 
Scarpa, ganglion of, 979 
Schlemm, canal of, 1025 
Schneiderian membrane, 1072 
Schwalbe, nucleus of, 805 
septum posticum of, 893 
Sciatic nerve (n. ischiadicus), 947 
branches, 948 
course, 947 
origin, 947 
small, 945 
Scleral sulcus, 1021 
Sclerotic, 1025 
Scrotal nerves, anterior, 937 
posterior, 957 
Sebaceous glands of auricle (of ear), 1050 
Second cervical nerve, anterior primary divi- 
sion of, 911 
posterior primary division of, 908 
common volar digital nerve, of hand, 929 
pair of cranial nerves (optie nerves), 959 
thoracie ganglion, 1008 
nerve, 951 
Secondary flocculus of cerebellum, 790 
optic radiation, Flechsig’s, 866 
vesicle, 1028 
tympanic membrane, 1061 
Semicireular canals, 1057 
ducts (membranous icircular canals), 
1059 « 
Semilunar fissures oj*seNbellum, 788 
fold of conjuncfiy 023 
ganglia, 1014 
(Gasserian 
lobe of 
inf 


A 


Aion, 808, 963 
ım, anterior, 788 
iO 789 

prior, 788 

rior, 788 


x 


| per ® nbranosus, nerves to, 948 


Semitendinosus, nerves to, 945 


mnsory fibres of ninth nerve (glosso-pharyn- 


Q se, organs of special, 1019 


geal), 981 
of tenth cranial nerve, 986 
nerves of orbit, 1043 
pathways of head, neck, and body, termina- 
tion of, 864 
root (pars intermedia or nerve of Wrisberg) 
of seventh (facial) nerve, 976 
of spheno-palatine (Meckel’s) ganglion, 973 
of trigeminus nerve, 808, 964 
Sensory-motor area of cerebral cortex, 868 
Septal nasal cartilage, 1069 
Septomarginal root zone (oral bundle), 767 
Septum, lingual, 1064 
nasal, 1070 
pellucidum, 850 
cavity of, 850 
lamin:e of, 850 
postieum of Schwalbe (subarachnoid sep- 
tum), 893 
Sesamoid nasal cartilage, 1069 
Seventh cranial nerve (facial), 778. 975 
branches, 976 
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Seventh cranial nerve (facial), central connec- 
tions, 979 
communications, 976 
course, 975 
roots, 975 
Shape of eyeball, 1023 
of lateral ventricles, 851 
Sheaths of optic nerve, 961, 1040 
Short ciliary nerves, 972, 1044 
posterior ciliary arteries, 1031 
reflex paths of cranial nerves, 871 
of spinal cord, 869 
root of ciliary ganglion, 962 
saphenous nerve, 952 
subscapular-nerve, 920 
Shrapnell’s membrane, 1053 
Single cerebral vein, 897 
Sinuses connecting with nose, 1072 
cranial venous, 889 
parasinoidal, 893 
venous, of sclera, 1025 
Situation of brachial plexus, 917 
of cardiac plexus of nerves, 1013 
of cervical plexus, 911 
of eceliae (semilunar) ganglia, 1014 
plexus of nerves, 1014 
of ganglion nodosum, 984 
of jugular ganglion, 983 
of inferior cervical ganglion of sympathetic, 


1007 
of inferior, petrous, or Andersch’s ganglion, 
981 


of lumbar plexus, 935 
of middle cervical ganglion of sympathetic, 
1006 
of otic (Arnold’s) ganglion, 974 
of sacral plexus, 944 
of submaxillary ganglion, 974 
of superior cervical ganglion, 1005 
of superior, jugular, or Ehrenritter’s gan- 
glion, 980 
of thoracic portion of sympathetic system, 
1008 
of vestibular ganglion, 979 
Sixth cranial nerve, 778, 974, 1043 
branches, 975 
central connections, 975 
course, 974 
ganglia, 974 
nuclei, 974 
Size of foramen of Monro, 852 
of pons, 786 
relative, of spinal nerves, 904 
roots of, 902 
Skin of auricle (of ear), 1050 
distribution of nerves to, 989 


of nose, 1070 
Skull, relations of brain to, 876 
‘Small cavernous nerve of penis, 1018 
occipital nerve, 912 
branches of, 913 
course of, 913 
origin, 912 
palatine nerve, 974 
sciatic nerve, 945 
superficial petrosal ao S 
Smallest occipital RNC 3 
Smell, organ of, 106 
Soleus, nerve to, 


Solitary tract, UN 
Someesthet SN ry-motor) area of cerebral 
cortex, 862 
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Specifie gravity of brain, 776 
Spermatie branch, external, of genito-femoral 
nerve, 938 
plexus of nerves, 1015 
Spheno-ethmoidal branch of naso-ciliary (nasal) 
nerve, 966 
recess, 1071 


branches, 973 
roots, 972 
Sphincter pupille (iridis), 1027 
Spinal aecessory nerve, 778, 986 
nucleus of, 803 
arachnoid, 893 
denticulate ligaments, 893 
septum posticum of Schwalbe (sub-arach 
noid septum), 893 
artery, anterior, 775 
posterior, 775 
cord, 756 
anterior central vein of, 775 
funiculus (column), 771 
marginal fasciculus of, 771 
(direct) pyramidal tract, 771 
arachnoid of, 758 
arteries of, 775 
axones of grey substance of, 763 
of white substance of, 766 
blood supply of, 775 
Burdach’s column of, 767 
central canal of, 762 
cerebello-spinal fasciculus, 770 
Clarke’s column, 770 
columna anterior, 762 
lateralis, 763 
posterior, 762 
comma-shaped fasciculus of, 767 
commissural bundle, 772 
cornu-commissural tract of, 769 
crossed pyramidal tract of, 769 
direct cerebello-spinal fasciculus of, 770 
dorsal fasciculus rius, 768 
dura mater of, 
enlargements 
external mgr 
fasciculi, g&i 
propriNQt S768 


fase Qa) meatus of, 767 
o ew, 767 
fi G a, 766 


Swfes of, 761 
culi of, 761, 767 
gelatinous substances of, 762 
general neurone systems of, 766 
Goll’s column, 767 
Gowers’ tract of, 770 
grey commissure of, 762 
ground bundles of, 766, 768 
groups of cells of, 763 
Helweg’s (Bechterew’s) bundle, 770 
horns of grey substance of, 762 
intermediate fasciculus, 771 
internal structure of, 761 
lateral cerebro-spinal fasciculus, 769 
fasciculus proprius, 769 
funiculus (column), 769 
Lissauer’s marginal zone of, 769 
Loewenthal’s tract of, 771 
mixed lateral zone of, 771 
nucleus dorsalis (Clarke’s column), 770 
olivary fasciculus, 770 
order of medullation of fasciculi of, 774 
pia mater of, 757 
portions of, 758 
posterior central vein, 775 
pyramids of, 769 
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Spinal cord, radicular veins of, 775 
reticular formation, 763 
subarachnoid space of, 758 
subdural space, 758 
sulci of, 761 
sulco-marginal fasciculus of, 772 
summary of, 772 
superficial ventro-lateral fasciculus, 770 
surface of, 760 
terminal ventricle, 762 
veins of, 775 
ventral cerebro-spinal fasciculus, 771 
fasciculus proprius, 771, 772 
vestibulo-spinal tract of, 771 
white commissures of, 762, 763 
substance of, 761 
dura mater, 882 
subdural cavity, 885 
ganglia, aberrant, 902 
neurones of, 756 
nerve trunks, anterior primary divisions, 
905, 910 
meningeal (recurrent) branch of, 907 
posterior primary divisions, 907 
rami communicantes, 906 
nerves, 901 
aberrant ganglia, 902 
areas of distribution of, 907 
attachment of, 901 
branches of, 901 
cauda equina, 903 
course of, 903 
direction of emergence, 903 
fibres of, 747 
fila radicularia of, 901 
ganglion of, 901 
origin of, 901 
relation to meninges, 902 
relative size of, 904 
root filaments of, 761 
roots of, 758, 901 
relative size of, 902 
topography of attachment of, 903 
visceral branches of, 907, 910 
pia mater, 894 
filum terminale, 895 
»layers of, 894 
ligamentum denticulatum, 895 
linea splendens, 895 
(inferior) portion of eleventh cranial nerve, 
986 
tract, nucleus of, 810 
of trigeminus nerve, 810 
veins, 775 
Spine of helix, 1050 
Spinous (recurrent) nerve, 969 
Spiral ganglion of cochlea, 806, 980 
ligament of cochlea, 1060 
organ (organ of Corti), 1060 
Splanchnie fibres, afferent, 906, 1001 
efferent, 906, 1001 
ganglion, 1009 NO 
nerve, great, 1009 NN 
least, 1009 O 
lesser, 1009 
Splanchnics, pelvic, 1011 
Splenic branches of tenth crapjal nerve, 986 
(lienal) plexus of nerves K) 
Splenium of corpus callos N í 


Spongioblasts, 755 


Spot, yellow, 1022 4 ON 
Stapedial fold RNS ie mucous membrane, 


8, 831, 866 


1056 
Stapedius, 1055 

muscle, nerfe to, 977 
Stapes, 107 


| Stem of fissure of Sylvius, 835 


Subarac Ge 
| ei ý er 
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Sterno-mastoid, nerve to, 915 
Stilling’s nucleus, 762 
Stratum album medium, 822 
profundum, 822 
cinereum, 822 
opticum (stratum album medium), 822 
zonale, 768, 819, 821, 824, 859 
Streeter, nucleus incertus of, 797 
Stria, intermediate olfactory, 845 
lateral longitudinal, of corpus callosum, 831 
medial longitudinal, of corpus callosum, 831 
terminalis (tænia semicircularis), 824, 859 
Striæ acusticæ, 797 
longitudinal, of corpus callosum, 867 
of hippocampus, 847 
medullares acustici, 784, 806 
of thalami, 825 
olfactory, 777, 844 
pineales, 825 
terminalis of thalamus, 868 
transverse, of corpus callosum, 831 
Striate.arteries, external, 897 
internal, 879 
Stripes of Baillarger, 856 
Stroma of iris, 1027 
Structure of aqueous humor, 1030 
of auricle of ear, 1050 
of cerebral cortex, 856 
of chorioid, 1026 
of ciliary body, 1026 
of cornea, 1025 
of erystalline lens, 1028 
of external acoustie (auditory) meatus, 1051 
of eyelids, 1044 
of hypophysis cerebri, 828 


internal, of cerebellum, 791 
of medulla oblongata, 797 
of mesencephalon, 816 
of pons, 797, 810 
of prosencephalon, 856 
of iris, 1026 
of retina, 1028 
of sclerotie, 1025 S 
of spinal cord, internal 
of tongue, 1064 Q 
of tympanic memb 053 
of vitreous humor Q^ 
of white substag Nel spinal cord, 765 
Structures fornj Kor of lateral ventricles, 853 
Stylo-glossus Aye to, 989 
Stylo-hygj le, nerve to, 977 
vity, 882 
92 
septum, 893 


WACA of optic nerve, 1040 
spinal cord, 758 


pubcallosal gyrus (peduncle of corpus cal- 
losum), 845 


Subcapsular epithelium of lens of eye, 1029 
Subclavian nerve, 919 
Subcrureus, nerve to, 941 
Subdivisions of sympathetic system, 1002 
Subdural cavity, 758, 882, 885, 887, 891 
space of optic nerve, 1040 
Subfrontal portion of sulcus cinguli, 838 
Sublingual caruncle, 1063 
fold, 1063 
nerve, 970 
Submarginal gyrus, 838 
Submaxillary ganglion, 974 
branches, 974 
roots, 974 
situation, 974 
Suboccipital nerve, posterior primary division 
of, 907 


| Subordinate plexuses of nerves, paired, 1015 


unpaired, 1015 
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Subparietal sulcus (postlimbie fissure), 842 | 
Subsartorial plexus, 941 | 
Subscapular nerves, 920 | 
Substance, anterior perforated, 827, 845 | 
central grey, of mesencephalon, 816 
gelatinous,.central, of spinal cord, 762 
of Rolando, 762 
grey, of pons, 813 
of spinal cord, 762 
of telencephalon, 856 
posterior, perforated, 815, 823 
white, of spinal cord, 761, 763 
of telencephalon, 862 
Substantia grisea centralis, 802 
nigra, 816, 821 
reticularis alba (Arnoldi), 847 
Subtrapezial plexus, 915 
Sudoriferous glands of auricle, 1050 
Sulci of auricle, 1050 
of brain, 777 
breves, 837 
of cerebellum, 787 
of cerebrum, 777, 832 
cunei, 843 
of floor of fourth ventricle, 796 
of frontal lobe, 837 
orbital, 838 
origin of, 832 
parolfaetory, 845 
pontine, 787 
rostral, 838 
of spinal cord, 761 
of telencephalon, 833 
of tongue, 1063 
transverse temporal, 835 
Sulco-marginal fasciculus, 772 
Sulcus, ampullary, 1059 
basilar, of pons, 787 
central (fissure of Rolando), 836, 839 
cinguli (calloso-marginal fissure), 837, 838 
circular, 836 
of crus of helix, 1050 
diagonal, 838 
fimbrio-dentate, 847 
fronto-marginal, 838 
hypothalamic, § 826 
inferior frontal, 838 
postcentral, 840 
interparietal (intraparietal), 840 
lateral, of mesencephalon, 815 
occipital, 843 
limiting, of Reil, 836 
middle frontal, 837 
temporal, 835 
of Monro, 826 
oculomotor, 816 
olfactory, 777, 1071 
parallel, 834 
para-medial, 837 
postcentral, 840 
posterior auricular, 1050 
precentral, 837 
scleral, 1021 


subparietal, 842 


superior frontal, 837 © 
postcentral, 840 , o, 


temporal, 834 
? 712 


A 


transverse occipita 
Summary of spina 


of principal NC tion paths of nervous | 
system, 8Q° 
Superciliary r, 830 


polpa MR 'hments of cranial nerves, 959 


of cervical plexus, 912 
er3l plantar nerve, 952 
eutaneous nerve (transverse cervi- 
eal), 914 


brane 
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Superficial cervical cutaneous nerve (transverse 


Superior ampullar branch of vestibular gan- 


g 


branches, 915 


Y 


cervical), course, 914 
origin, 914 
fibres of pons, 810 
origins of cranial nerves, 959 
part of cardiac plexus, 1013 
peroneal (musculo-cutaneous) nerve, 954 
branches, 954 
course, 954 
origin, 954 
petrosal nerve, external, 1006 
great, 976 
small, 981 
radial (radial) nervė, 923 
branches, 924 
course, 923 
origin, 923 
temporal branches of 
nerve, 972 
terminal branches of femoral nerve, 938 
ventro-lateral fasciculus (Gowers’ tract), 770 
volar branch of ulnar nerve, 926 


auriculo-temporal 


glion, 980 
alveolar dental nerves, 967, 968 
branch of third cranial (oculo-motor) nerve, 
962 
cardiac nerves, 985 
cerebellar notea, 788 
peduncles, 812 
cervical cardiac nerve, 1006 
ganglion of sympathetic, 1005 
branches, 1006 
communications, 1005 
situation, 1005 
clunial nerves, 910 
colliculi, 814, 821 
dental branches of superior dental plexus, 
968 
plexus, 968 


division of axillary (cireumflex) nerve, 921 
fovea, floor of fourth q^ 797 


frontal gyrus, 837 « 
NS ganglion, 980 


sulcus, 837 
(jugular or Ehren 
Séxus of nerves, 1015 
ucus (fissure of Rolando), 


gastric (coronari 
genu of centų 


839 
Qu of superior dental plexus, 


gingival 
ve, 946 
Or nerves, 1016 
qnot of nerves, 1016 


aaa 
abial branches of maxillary nerve, 968 
*ryngeal nerve, 984 
branches, 985 
course, 984 
origin, 984 
ligament of auricle (of ear), 1051 
longitudinal fasciculus, 867 
margin of pons, 787 
mesenteric ganglion, 1015, 1016 
plexus of nerves, 1016 | 
nasal meatus, 1071 | 
nucleus ọf vestibular nerve, 805 ; 
oblique muscle of eye, 1035 | 
occipital gyri, 843 ! 
olivary nucleus, 807 Í 
olive, peduncle of, 807 i 
ophthalmie vein, 1043 ! 
palpebral fold, 1020 
parietal lobule (gyrus), 841 | 
i 
I 


| 
| 


peduncle of cerebellum, 793 

pontine sulcus, 787 

portion of eleventh cranial nerve, 986 
of floor of fourth ventricle, 796 

postcentral sulcus, 840 

quadrigeminate body, 807, 821 


—- 
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Superior semilunar (postero-superior) lobe of 
cerebellum, 788 
tarsal muscle, 1035 
temporal gyrus, 834 
sulcus, 834 
thyreoid plexus of nerves, 1006 
vermis of cerebellum, 788 
vesical nerves, 1017 
Supra-acromial nerves, 915 
Supracallosal gyrus, 847 
Supraclavicular branches of cervical plexus, 915 
nerves, 915 
portion of brachial:plexus, branches of, 919 
Supramandibular branch of  cervico-facial 
nerve, 979 
Supramarginal gyrus, 841 


Supramesial border of cerebral hemisphere, 850 | 


Supraorbital nerve, 965, 1043 i 
Suprapineal recess, 826 
Suprarenal plexuses of nerves, 1015 
Suprascapular nerve, 919 
Suprasternal branches of cervical plexus, 915 
Supratragic tubercle, 1049 
Supratrochlear branch of frontal nerve, 965 
nerve, 1043 
Supravaginal lymph space of optic nerve, 1040 
Sural (external or short saphenous) nerve, 952 
branches, 953 
course, 952 
origin, 952 
cutaneous nerve, lateral, 952 
medial, 949 
Surface area of telencephalon, 833 
ventral, of mesencephalon, 815 
view of eye, 1019 
Surfaces of arachnoid, 891 
of brain, 776 
of cerebellum, 788 
of cerebral hemispheres, 830 
of cranial dura mater, 885 
pia mater, 896 
of diencephalon, 823 
of mesencephalon, 814 
of oecipital lobe, 842 
of spinal cord, 760 
dura mater, 882 
of tongue, 1062 
Suspensory ligament of eyeball, 1039 
of lens of eye, 1029 
Sylvian fossa, 834 
point, 835 
Sylvius, aqueduct of, 794, 814 
fissure of, 777, 830, 835 
Sympathetic fibres, 907, 998 


ganglia, 1003 
973 
system, 749, 899, 998 O) 
divisions of, 1002 NN 
ganglia of, 1000 O 
lumbar portion, 1010 ( ) 
trunks, 1003 à 
System, cerek NT 899 
of fibres, Ssural, 866 


nerves of orbit, 1044 

root of spheno-palatine (Meckel’s) "o 
communications, 1001 
construction of, 1000 
origin of, 998 
portions of, 1003. 
sacral portion of, fD 
thoracic portionfO&® W008 

iymphat ryeball, 1032 

[ it, WO44 
747 


oheral, 749, 899 


` 
sympathetic, 749, 899, 998 
»ms, neurone, of spinal cord, 766 
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Table showing relations of cervical and thoracic 
nerves to branches of brachial plexus, 
930 
of lumbar and sacral nerves to branches 
of lumbar and sacral plexuses and to 
pudic nerve, 955 
of muscles of lower extremity to nerves 
of lumbar and sacral plexuses, 955 
of muscles of upper extremity to cervi- 
cal nerves, 930 
of topography of attachment of spinal 
nerves (Reid), 903 
Tenia chorioidea, 824 
fimbrize, 847, 855 
pontis, 816 
semicircularis, 824, 868 
ventriculi quarti, 795 
Teenie fornicis, 847 
Tail of caudate nucleus, 855 
Tangential layer of fibres of cortex, 856 
Tapetum of posterior cornu of lateral ventricle, 
853 
Tarsal cartilage, 1020, 1045 
(Meibomian) glands, 1020 
muscles, 1035, 1046 
Tarsus of eyelids, 1020, 1045 
Taste, organ of, 1062 
Taste-buds, 1064 
Tegmen tympani, 1053 
Tegmental (superior) wall of tympanic cavity, ' 
1053 
Tegmentum of pons, 810 
Tela chorioidea, 779, 795, 896, 897 
Telencephalon, 753, 823, 826 
angular gyrus, 842 
anterior central gyrus (ascending frontal con- 
volution), 837 
commissure, 866 
orbital gyrus, 838 
association fibres, 866 
Broca’s convolutio << 
calcarine fissure, SAKN 
central lobe, 836 
sulcus (Rolan® 
centrum semi 
cingulum, f 
circular (limiting sulcus of Reil), 836 
collatepalMigsure of, 835, 843 


cg ^ al system of fibres, 866 
(E fron} adiata, 863 
cOepyé callosum, 866 

Kexteral capsule, 864 


orbital gyrus, 838 

Qe of, 833 
frontal lobe, 837 

pontile path (Arnold's bundle), 866 
fusiform gyrus (occipito-temporal convolu- 

tion), 835, 843 
gyri breves (precentral gyri), 837 
gyrus longus, 837 

rectus, 838 

transitions (deep annectant gyrus), 843 
hippocampal commissure, 866 
inferior frontal gyrus, 838 

suleus, 838 

longitudinal fasciculus, 867 

parietal lobule, 841 

temporal gyrus, 835 
internal capsule, 863 

orbital gyrus, 838 
interparietal (intraparietal), 840 
lateral fissure (fissure of Sylvius), 835 

occipital sulcus, 843 

ventricles of, 851 
lingual gyrus, 835, 843 
lobes of, 833 
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| Telencephalon, marginal gyrus, 838 


| Tenth pair of cranial nerves (vagus or pneumo- 
middie frontal gyrus, 837 | gastric), ganglia, 983 
l sulcus, 837 | origin, 982 
temporal gyrus, 834 Tentorial area, '830 
| sulcus, 835 (recurrent meningeal) branch of ophthalmic 
occipital gyri, 843 | nerve, 964 
| lobe, 842 | notch, 888 
| occipito-frontal fasciculus, 868 | surface of occipital lobe, 843 
occipito-mesencephalie path (Flechsig's sec- | Tentorium cerebelli, 787, 887 
ondary optic radiation), 866 Terminal arteries of encephalon, 879 
occipito-thalamie (optic) radiation, 864 ascending cerebellar pathway, 864 
operculum of insula, 836 | branches of anterior division of obturator 
paracentral lobule, 837, 842 | nerve, 942 
parietal lobe, 840 ; of brachial plexus, 921 
parieto-occipital arch, 841 of cavernous plexus of nerves, 1005 
fissure, 843 of deep peroneal (anterior tibial) nerve 
i postcentral sulcus, 840 954 
posterior central gyrus (ascending parietal), of femoral nerve, 938, 941 
) 840 of inner cord of brachial plexus, 924 
orbital gyrus, 838 of lumbar plexus, 936 
post-parietal gyrus, 842 of maxillary nerve, 968 
præcuneus, 842  - of naso-ciliary (nasal) nerve, 966 
precentral sulcus, 837 of ophthalmic nerve, 964 | 
preoccipital notch, 840 of outer cord of brachial plexus, 924 1 
| pyramidal fasciculi, 865 of pudendal plexus, 956 i 
fibres to nuclei of origin of motor cranial of radial (musculo-spiral) nerve, 922 
nerves, 865 of tenth nerve (vagus or pneumogastric), 
submarginal gyrus, 838 984 
sulci of, 833 of twelfth, cranial nerve, 988 
a breves, 837 divisions of seventh (facial) nerve, 978 
sulcus cinguli, 837, 838 incisure (auricle), 1050 
superior frontal g gyrus, 837 part of auditory pathway, 864 
i sulcus, 837 of general sensory pathway of body, 864 
I longitudinal fasciculus, 867 of head and neck, 864 
‘9 parietal lobule (gyrus), 841 of visual pathway, 864 
| temporal gyrus, 834 . ventricle of spinal cord, 762 | 
I suleus, 834 Thalamencephalon, 823 | 
i supramarginal gyrus, 841 Thalami, 823, 824, 859 | 
| surface area of, 833 nuclei of, 824 
| temporal lobe of, 834 striæ medullares, 825 
| operculum, 834 Thalamo-mammillary fasciculus .(bundle of 
pontile path (Türk's bundle), 866 Vieq d'Azyr), 849, 860 
transverse occipital sulcus, 842 Thalamus, 823, 824, ET 
| temporal gyri, 835 anterior tubercle of XN 
if sulci, 835 cortical conrreetior ool 
| uncinate fasciculus, 867 medullary lami 60 
i white substance of, 862 nuclei of, 824 
i Telodendria of axones, 750, 751 nA 
i Temporal branches, superficial, of auriculo- pulvi EN 
temporal nerve, 972 d XY. 856 
| of maxillary nerve, 967 an. of, 858 
of temporo-facial nerve, 978 Thid , 938 | 
j gyri, transverse, 835 | a 938 > 
; gyrus, inferior, 835 ir Sed ag r a nerve, anterior primary division, [ 
1 middle, 834 | 
| superior, 834 CN OMEN primary division of, 908 | 
lobe of cerebrum, 834 common volar digital nerve, of hand, 929 | 
opercula of, 834 Q division of trigeminus, 938 
nerves, deep, 969 O pair of cranial nerves (oculo-motor), 961, 1 
| notch, 847 Qy 1043 i 
| operculum, 834, 836 NI branches, 962 \ 
pole, 830 central connections, 962 
pontile path (Turk’s ce course, 962 
sulci, transverse, 835 nuclei, 818, 961 | 
| sulcus, middle, 835 thoracic ganglion, 1008 fj 
| superior, 834 ventricle of brain, 826 | 
| Temporo-facial nerve, 9% chorioid plexuses, 898 
| Temporo-malar oon nerve, 967 | tela choroidea of, 897 
| Tendo oculi, 1019 | Thoracic cardiac branches of tenth cranial 
| Tenon’s capsu A | nerve, 985 
space, 104 SS |  ganglia, 1008 
Tensor SN )55 | intercostal nerves, 932 J 
| Tenth pairof &nial nerves (vagus or pneumo- | nerves, 908, 919, 931 > 
| estre), 778, 982 branches of, 932 
Mches, 982, 984 course, 931 
| en utral connections, 986 | divisions of, 905 | 
j communications, 984 | entering into brachial plexus, 917 | 
© course, 982 external anterior, 920 | 


n^ 
EN 
V | 


Am 


Thoracic nerves, first, 931 
internal anterior, 920 
last, 933 
long, 919 
posterior, 919 
primary divisions of, 931 
second, 931 
portion of spinal cord, 758 
of sympathetie system, 1008 
branches, 1009 
communications, 1008 
construction, 1009 
ganglia, 1008 
situation, 1008 
Thoraco-abdominal nerves, 933 
Thoraco-dorsal (middle or long) subscapular 
nerve, 920 
Thyreo-hyoid muscle, nerve to, 989 
Thyreoid plexus of nerves, inferior, 1007 
superior, 1006 
Tibial communicating nerve, 949 
nerve (internal popliteal), 948 
branches, 948, 949 
course, 948 
origin, 948 
anterior, 954 
Tibialis anterior, nerve to, 954 
posterior, nerves to, 949 
Tigroid masses, 751 
Tissue, connective, of nervous system, 753 
Toes, nerves of, 950, 954 
Tongue, 1062 
arteries of, 1066 
development of, 1066 
follicles of, 1064 
frenulum, 1063 
glands of, 1064 
lymphatics of, 1066 -> 
mucous membrane of, 1063 
muscles of, 1064 
nerves of, 1066 
papille, 1063 
structure of, 1064 
surfaces of, 1062 
taste-buds of, 1064 
veins of, 1066 
Tonsil (amygdala) of cerebellum, 790 
lingual, 1064 
Tonsillar branches of ninth nerve (glosso- 
pharyngeal), 981 
Topographical relations of cerebral gyri to | 
walls of cranial cavity, 877 | 
Topography of attachment of spinal nerves, 903 | 
general, of brain, 776 
Tract, anterior or direct pyramidal, 771 
cornu-commissural, 769 
crossed pyramidal, 769 
Gowers’, 770, 812 Qj 
Loewenthal’s, 771 
olfactory, 777, 844, 868 Q 
optic, 777, 829 N 
solitary, 805 NN 
spinal, nucleus of; 810 Q 
of trigeminus nerve, 810 
transverse peduncular, 816 
uveal, 1026 
vestibulo-spinal, 771° © 
Tragicus, 1051 N 
Tragus, 1049 
Transverse brane 
cervical neq. $ 
fissure of &r im, 830 
occipital sul@ys, 842 


ervical plexus, 914 


pedunquNr tract, 816 | 
stra "rpus callosum, 831 
fnthelix, 1050 | 
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Transversus auricule, 1051 
linguæ, 1066 
Trapezius, nerves to, 915 
Triangle, median (spinal cord), 768 
Triangular fossa of auricle, 1050 
portion of inferior frontal gyrus, 838 
Triceps, nerves to, 922 
Trigeminus nerve, 787, 808, 963 
axones of, 810 
nuclei of, 808, 816 
roots of ,*808 
spinal tract of, 810 
Trigone, collateral, of lateral ventricle, 854 
olfactory, 777, 844 
Trochlea, 1036 
Trochlear nerve, 777, 962 
emergence of, 815, 817 
nucleus of, 817 
Tróltsch, pouches of, 1056 
True. hypoglossal branches of twelfth cranial 
nerve, 989 
'Trunk, eutaneous areas of, 991 
lumbo-sacral, 943 
of seventh (facial) nerve, 975 
Trunks, sympathetie, 1003 
Tuba auditiva (Eustachian tube), 1054, 1057 
Tubal branch from tympanic plexus, 981 
Tube, Eustachian, 1054, 1057 
neural, 753 
flexures of, 779 
zones of, 779 
Tuber cinereum, 777, 827 
vermis, 790 
Tubercle, amygdaloid, of lateral ventricle, 854 
auricular (tubercle of Darwin), 1050 
cuneate, 799 
olfactory, 777 
supratragic, 1049 
Tubercles of thalamus, 859 
Tuberculum acusticum, 797, 806 
cuneatum, 785 


Tiirk’s bundle, 866 
Twelfth pair of cranial s (hypoglossus), 
779, 987 
branches, 9 
central e 


ons, 989 


course, 
origir 
Tympanic kg: of petrous ganglion, 981 
cavity, JES, 1056 


V 


& 


Seas æ, 1053 
mbrane, 1052 
Q secondary, 1061 
structure of, 1053 
mucous membranes, 1055 
ostium of tuba auditiva, 1057 
plexus, 981 
Tympano-stapedial syndosmosis, 1055 


U 


Ulnar anastomotic branch of superficial radial 
nerve, 924 
collateral nerve, 922 
nerve, 924 
branches, 926 
of posterior medial antibrachial (inter- 
nal) cutaneous nerve, 920 
course, 924 
origin, 924 
Umbo of tympanic membrane, 1052 
Uncinate fasciculus, 867 
Uneus, 847 


ule 
| iporal gyri, 835 | Unit of nervous system, 749 
| poral sulci, 835 | Unpaired subordinate plexuses of nerves, 1015 
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Upper branches of common peroneal (external 
popliteal) nerve, 952 
of superior gluteal nerve, 946 

extremity, cutaneous areas of, 994 

eyelid, 1020 

(short) subscapular nerve, 920 
Utero-vaginal plexus of nerves, 1018 
Utricle, 1057 
Utricular branch of vestibular 
Utriculo-saccular duct, 1058 
Uveal tract, 1026 
Uvula of vermis, 790 
Uvular lobe of cerebellum, 791 


ganglion, 980 


V 


Vaginal nerves, 956 
Vagus (pneumogastric), 778, 982 
nucleus of, 804 
Valentine, ganglion of, 968 
Vallate (cireumvallate) papille of tongue, 1064 
Vallecula cerebelli, 790 
Sylvii, 835 ! 
Van Gehuchten, nucleus intercalatus of, 796 
Variation in composition of nerves of pudendal 
plexus, 956 
in composition of nerves of sacral plexus, 944 
Variations of auricle, 1051 
Vascular coat of eye, 1026 
duplications of cranial pia mater, 896 
Vascularity of pia mater, 896 
Vastus intermedius (crureus), nerve to, 941 
lateralis, nerve to, 941 
medialis, nerve to, 941 
Veins, anterior ciliary, 1032 
of auricle (of ear), 1051 
of cerebellum, 880 
of encephalon, 879 
emissary, 889 
of external acoustie (auditory) meatus, 1052 
of eye, 1032 
of Galen, 880 
of internal ear, 
lingual, 1066 
meningeal, 891 
of medulla oblongata, 881 
of mesencephalon, 880 
of nose, 1070, 1073 
of orbit, 1043 
of pons, 881 
radicular, 775 
single cerebral, 897 
spinal, 775 
of spinal cord, 775 
of tympanic cavity, 1056 
vermian, 880 


Velum, anterior medullary, 789, 793, 795 
interpositum, 779, 826, 897 Q 


posterior medullary, 790, 795 
Vena centralis retinæ, 1031 Q 
Vene comites, meningeal, 891 N 
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cerebri magna, 897 
vorticose, 1032 
Venous lacunse, of dura, 8 
sinus of sclera, 1025 
sinuses, cr ranial, 889 
system ‘of spinal cout 
Ventral aspect of ach a AREA 
cerebro-spinal ius (anterior 


pyramic aK ), 771 


external %& eins, 775 
fascicul NN 772 


782 
or direct 


rius, 771, 772 
funicukis O% spinal cord, 767 

grou cells of spinal cord, 763 

ł rgper of spinal cord, 762 , 763 


nu s of cochlear nerve, 806 " 
Qy: of pons, 810 
ot of spinal nerves, 747, 758, 901 
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Ventral surface of cerebellum, 789 
of mesencephalon, 815 
zone of neural tube, 779 
Ventricle, fourth, anatomy of, 779, 794 
lateral, of cerebral hemisphere, 832, 851 
olfactory, 845 
terminal, of spinal cord, 762 
third, of brain, 826 
Verga’s, 848 
Ventricles of brain, development of, 754 
Ventro-lateral fasciculus, superficial, 770 
Verga’s ventricle, 848 
Vermian veins, 880 
Vermis of cerebellum, 779, 787 
furrowed bands of uvula of, 790 
inferior, 789, 790, 
pyramid of, 790 
superior, 788 
tuber, 790 
uvula of, 790 
Vertebral branches of thoracic ganglia, 1009 
plexus of nerves, 1007 Í 
Verticalis linguæ, 1066 
Vesical nerves, inferior, 
superior, 1017 
plexus of nerves, 1017 
Vesicle, secondary optic, 1028 
Vesicles, primary, 753 
Vestibular cæcum, 1060 
fenestra, 1054 
ganglion (ganglion of Scarpa), 805, 979 
branc hes, 980 
central connections, 980 
situation, 979 
membrane (membrane of Reissner), 1061 
nerve, 979 
nuclei of, 805 
Vestibule, 1057 
of nose, 1071 
Vestibulo-spinal tract, 771 i 
Vibrissæ, 1070 
Vicq d'Azyr, bundle of, 8 
Vidian nerve (n. anali i 
Visceral branches o 


of sacral nerv | 
plexus, A 
of spinal pfrwes; 910 


divisions oXspwal nerves, 907 
Visual a, KO! srebral cortex, 868 
pathw rmination of, 864 
Vitre a: of eye, 1029 
Cay of chorioid, 1026 
(ays terior) br anch of medial antibrachial 
oomen cutaneous nerve, 920 
of WE nerve, 926 
digital branches of ulnar nerve, 926 
nerves, of hand, 928 
(anterior) interosseous nerve, 928 
Vomero-nasal eartilage, 1069 
organ (organ of Jacobson), 1070 


956, 1018 


9 
erygoidei), 9 
al plexus, 956 


L5 


WwW 


Waldeyer’s glands, 1046 
Walls of cranial cav ity, relation of brain to, 876 
of lateral ventricle, 852 
of nasal fosse, 1070 
of tympanic cavity, 1053 
Wax, ear, 1052 
Weight of brain, 776 
of cerebellum, 787 
of medulla oblongata, 
of spinal cord, 576 
White commissures of spinal cord, 762 
ramus communicans, 906, 1001, 1008, 1010 
substance of spinal cord, 761, 763 
of telencephalon, 862 


782 
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Wrisberg, ganglion of, 1013 
nerve of, 920, 976 


X 
Yellow spot (macula lutea), 1022 


Z 


Zeiss's glands, 1046 

Zinn, ligament of, 1034 

Zone, greater or ciliary, 1022 
lesser or pupillary, 1022 
marginal, of Lissauer, 769 


Zone, middle root, 767 
mixed lateral, 771 
septomarginal root, 767 

Zones of neural tube, 779 

Zonula ciliaris, 1029 

Zygomatie branches (orbital or temporo-malar) 

of maxillary nerve, 967 
(malar) of temporo-facial nerve, 978 

nerve, 1044 

Zygomatico-facial (malar) branch of maxillary 
nerve, 967 

Zygomatico-temporal (temporal) branch of 
maxillary nerve, 967 
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